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INTRODUCTION 
The study of the niutagenic effect of chemicals goes back to 
the early days of genetical reaearch. 	No satisfactory proof of 
the existence of inutagenic chemicals was found till the beginning 
of the Second World War, when the mutagenic effect of mustard 
gas was discovered by Auerbach and Robson (1942-1947), and of 
urethane by F. Oehlkers (1943) and Vogt (1948). 	About the same 
time Icarnofsky et al (1947) had discovered that nitrogen mustard 
has the ability to inhibit the progress of certain types of 
malignant disease. 
The inutagenie effect of mustard gas was tAfflsd bau 
pharmacologically It is raom1metIc substance. 	It produces burns 
similar to those Induced by X-rys, which are due to effects on 
the chromosomes. 
After the discovery of mustard gas more war gases were found 
to be mutagens like the nitrogen mustards, while others like 
lewisite did not produce mutations (Auerbach & Robson 1947). 
ustard oil was also tested, for pharmacologically it resembles 
mustard gas; but it has a very weak mutagenic effect. Then the 
number of the chemical mutagens started to increase rapidly. 
Chemically mustard gas belongs to the alkylating agents, which are 
characterised by their ability to transfer alkyl groups. 	A great 
number of these compounds were found to be carcinostatic and/or 
carcinogenic as well as mutagenlo (Bird 1952, Bid and Fahmy 1953, 
Fahmy and Fahiny 1952, 1953a-..b, 1954 1955a-b, 1956a-b, Herskowitz 
1955b, 1956b). 
K 
	 The similarity of the genetical effect of the chemical 
mutagene to that of radiation was impressye. Thus testing for 
the differences between the two 'became very interesting since it 
might help in deterrining the nature of the gene and the mechanism 
of mutation. As has been said by Auerbach (1949), "the gene is a 
chemically definable molecule, and mutation is a chemical process, 
therefore known chemical substances appear more appropriate tool 
for studying the nature of the gene ard of mutation than drastic 
and indiscriminating agencies." 
But 	differences between the two soon appeared. It was 
noticed that X-rays seem to induce their genetical effect during 
treatment, while cherrical mutagers in general have a delayed 
effect. That is why mosaloism was found to be more frequent after 
chemical treatment with, e.g. mustard gas than after X-radiation 
(Auerbach 1945, 1946s 1947). 
The same has been noticed after treatment with nitrogen mustard, 
mustard gas, diepoxybutane, tri ethyl erieae].amine and formaldehyde 
(Gibson et al 1950 9 Auerbach 1951 9 Bird an1 Fahn]y 1953, Pahmy and 
ahmy 1954 and Auerbach and Moser 1953). 
Shortage of large rearrangements is another characteristic by 
which chemical mutagens differ from X-rays, The frequency of large 
rearrangements after two equivalent doses (i.e. doses that induce 
the same frequency of sex-linked recessive lethals) of X-rays and 
chemical mutagens is much lower after treatment with the latter than 
the former. Tis was found genetically for mustard gas (Auerb'i.oh 
and Moser 1953) and trietbylenemelamine (iahmy and Pahmy 1953). 
These results have been also confirmed cytologically for mustard gas 
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(Slizynska and Slizynski 1947) 9 diepoxybutane (Fahmy and Bird 1953) 9 
triethylenemelamine (Pabmy & Fahmay 154), nitrogen mustard 
(Herskowitz and Schalet 1954), and formaldehyde (Slizyneka 1957). 
This shortage of rearrangements was interpreted (Auerbach 1951-
1958, Slizynaka 1957) 9 to be due to the occurrence of latent 
breaks which open in different cell cycles, and also to the 
tendency of the breaks to remain open rather than joining up in 
the old or in a new rearrangement (Fabmy & Fabmy 1953 - Nasrat 
Kaplan and Auerbach 1954). 
After chemical re&trierLt large rearrangements which have both 
breaks on the same chromosome are more frequent. This may be due 
to the tendency of the latent breaks on the same chromosome to 
open simultaneously (Slizynska 1957, 	Auerbach 1958). 
X-rays and chemical mutaens may differ in their genetical 
effects on the different stages of the germ cells. Chemical 
mutagens may also differ from each other in this respect. And 
this may be true even for the same chemical applied in different 
ways. Thus formaldehyde mixed in the food of male larvae is 
mutagenic and the auxocyte stage is the most sensitive one 
(Auerbach 1951 - Auerbach and Moser 1953a-b, Auerbach 1956), 
but it is ineffective In the food of adults. When it is applied 
as abdominal injection in aqueous solution, it is effective on adult 
males where sperrnatoza are the sensitive stage, but It Is 
ineffective on larvae or adult females (Auerbach 1952- Sobels 1954). 
Auerbach in 1954 stressed the value of studying 
the sensitivity pattern of the different stages of the germ cells, 
which may help to explain the mechanism by which they act and some 
of their peculiarities. One of the main points of the work 
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presented here is to investigate the sensitive stage of mustard 
gas accurately, and to find the reasons for the peculiarity of 
the brood pattern of CB1506.,(Cl CH2-CH2-. 0S02_  CH 3 ) 
To determine the brood pattern of a inutagen, successive broods 
from the treated males are examined for mutations. In these broods 
the different stages of the germ cells at the time of the 
treatment will be sampled. The mutation rates in these broods 
will show the sensitivity of the successive developmental stages 
of the germ cells, 
This method was first used by Muller in 1927 to test for the 
differences in sensitivity between mature and immature germs cells 
to the mutagenic effect of X-rays. No significant difference was 
found between the first two broods of 6 days each. But when 
Harris (1929) carried this test for a longer period (24 days), 
significant differences were found between mature and immature 
germ cells. 
Testing for X-ray induced dominant lethals Lining (1952) 
found that their freqiency was constant in the first 5 days after 
treatment, when a sharp increase occurred on the 6-7th day. 	ihis 
high frequency of lethals was maintained until the 10th day, after 
which it declined and full fertility was restored. He considered 
that mature sperm was used during the first five days, then 
spermatids during the next 5 1 and from the 11th day after treatment 
treated spermatocyte or sperrnatogonial stage were used. The 
intervals which he used for the successive broods were 1-6th, 
7-10th and 11-20th day after treatment. 
In 1954 Auerbach used a technique - which is mainly used in 
this laboratory - to determine accurately the most sensitive 
stage to X-rays. 	She used a brood interval of 3 days, and at 
every brood males were mated separately each to 3 virgin females. 
Fahmy Sc Fahmy's (1954) technique does not differ from Auerbach's, 
except that every male is given only one virgin in every brood. 
Both Auerbach and the Fahmys keep records for each individual 
treated male in determining brood patterns. This is necessary 
for several reasons. Mass mating may affect the sperm utilization 
of the different treated males by giving them different chances of 
mating, and this in its turn may affect the brood pattern 
(Auerbach and Moser 1953). Pair mating also avoids selection 
against early dying males, if only males which produce progeny until 
the end of the experiment are recorded. It is further preferable 
because it allows the detection of bunches of mutations. 	In the 
case of autosomal lethals or in tests on females for sex-linked 
lethals, pre-existing heterozygosity for a lethal can be detected 
through bunches comprising about * of the progeny. 
Even for the same mutagen the brood pattern my vary somewhat 
between experiments, for it may be affected bvarious factors,such as 
the genotype of the females to which the treated males were mated. 
Auerbach (1954) found that the rate of the sperm ejaculation 
seemed to be speeded up when Cy/L 2 females were used instead of 
N-S ones. The brood pattern may also be affected by the number of 
the females (Auerbach and Moser 1953b), or the time between the 
treatment and mating (1Ining 1952), or even the treatment itself. 
Therefore certain landmarks were used (Auerbach 1954) to 
correlate the successive broods with the developmental stages of 
the treated germ cells. 
The landmarks are: 
the stage of mature apermatozoa 
the onset of meiosis 
the stage of young spermatogonia. 
Mature sperm will be utilized during the first brood 
when adult males are treated, especially if the brood period is 
short. 
Meiosis can be detected by the occurrence of the first 
induced cross-overs, the the latest stage in which crossing-over 
can occur is prophase of the first meiotic division. 
After X-radiation a second landmark which can be used for 
determining the onset of meiosis is a temporary sterile period in 
males of Drosophila an±nice. During this period, Auerbach (1954) 
found no spermatozoa or very few in the females used for the 
production of this brood. She explained these findings on the 
basis of Priesen's (1937) experiments. Friesen had carried out 
histological tests, and had found that sterility during this 
period was due to the killing of early sperinatocyte and late 
spermatogonia. This agreed with Auerbach's experiments, in which 
bunches of identical or complementary cross-overs were found when t 
the males regained their fertility,showing that an early 
spermatogonial stage had been reached. 
In contrast to these findings Fritz-Niggli (1956) reported 
that Drosophila spermatocytes and eperinatogonia are resistant to 
the effect of X-rays, although the irradiated males in her 
experiments show the same period of low fertility. However when 
Welehons and Russel (1957) repeated the same experiment with a 
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combined histological test, their results confirmed those of 
Friesen and Auerbach in showing that the sterile period is due to 
the killing of germ cells as young spermatocytes and late 
spermatogonia, and not to dominant lethals. 
3). 	The stage of young sperinatogonia can be detected by 
the occurrence of (a) germinal selection or (b) the occurrence 
of clusters of identical mutations and cross-overw. 
Selection against mutated germ cells is more severe 
against lethals on the X chromosome than those on the autosomes; 
for the effects of autosomal lethals are usually covered by the 
presence of the normal allelomorphs on the homologous chromosome, 
while those on the X-chromosome will be uncovered in the 
hemizygous males. Thus the ratio between autosomal and sex-linked 
lethale will increase when germinal selection conies into effect. 
Germinal selection was noticed after X-rays (Muller 1928 and 
Timof6eff-Reesovsky 1937), mustard gas (Auerbach 1949) and 
2-ohioroethyl methanesuiphonate (Purdom 1957). After treatment 
of larvae by formaldehyde food no germinal selection was found 
(Auerbach and Moser 1953). 	Since fornaldehyde acts only On 
early spermatocytee, the absence of germinal selection was 
interpreted to be due to the possibility that it has ceased 
to operate once the sperniatogonia have formed cysts in which 
the synchronously dividing cells seem to be protected against 
the effect of chromosomal defects (Pontecorvo 1944). 
When big bunches of identical mutations occur in a 
brood it shows that the spermatozoa used in this brood were treated in 
an early spermatogonial stage. 	These bunches can be of visible 
mutations (Fahniy and Fahmy 1956), Purdom (1957) and Auerbach 
(1957), or of sex-linked or autosomal lethals, although the 
identity of sex-linked lethals is difficult to establish. 
Bunches of cross-overs can also be used in identifying this 
stage (Auerbach 1954 Whittinghill 1948-1955 and Sobels 1957). 
Sometimes modifications of the standard brood pattern 
technique may be useful for obtaining a more accurate picture of 
the changes in sensitivity. Thus in two experiments in this 
work (LG.4 and 5), changing the brood Interval in the first three 
broods to 2 days instead of 3 days was necessary to indentify 
meiosis accurately. 	This was also done by Sobels (1956) in one 
of his experiments when males were treated by dihydroxydimethyl 
peroxide before radiation. He used brood intervals of 3-2-1-3 
days to determine accurately the stage in which mutation rate 
reached its peak. 
For X-rays the brood pattern of sensitivity can also be 
determined by treating successive developmental stages and 
determining the mutation rate induced in the first brood drawn 
from each treated stage. This method was first used by Muller 
(1930), who Irradiated adults and larvae. Then Berman (l36) 
irradiated eggs of 4-10 hours old, larva e 670 hours old and 
adults about 2 days old. He repeated the same experiment in 
1939., and his results supported the previous ones, where the 
mature germ cells were more sensitive than the immature ones. 
Even the different stages of the iniwature germ cells differed in 
their sensitivity to the mutagenic effect of X-rays. 
The same type of experiment was repeated on a large scale by 
Khishin (1954). He treated eggs, different ages of larvae, 
prepupae, different ages of pupae and adults. He determined 
the mutation rates in the first brood of the diffeont ages, as 
well as the mutation rates induced in uccivs broods from each 
treated stage. This experiment was accompanied by cytological 
examination of the testis in the treated stages. These 
genetical and cytological tests showed that the X-ray induced 
mutation rate rose suddenly with the onset of meiosis and reached 
its peak during the stage when the spermatids start to change 
morphologically into mature sperm. 
These results confirm the previous findings of Auerbach (1954) 9 
obtained by applying her brood pattern analysis to adult males. 
It is rather difficult to use this last method for chemical 
rnutagens where the brood pattern may be influenced by many 
factors, such as ne time which the mnutagen takes to a.crlve to 
the nuclei (Kaplan), the ability of the chemical to penetrate 
through the nuclear membrane (Kihiim 1951), or other biological 
and physiological conditions with which the chemical inutagons 
have to act before reaching and affecting the chromosomes. 
Examples for the last possibility are found in Sobel's work. He 
pre-treated Dorosophila females, which usually do not respond to 
the mutagenic action of formaldehyde 12.jections, with sodium 
azide or potassium cyanide. In both cases some mutations occurred, 
although .azide and cyanide are not mutagens in Drosophila. 
These results were interpreted to be due to the effect of azide 
or cyanide in inhibiting the activity of the cytochrome and 
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catalase enzyme systems. 
The influence of environmental conditions on sensitivity to 
a chemical mutagen is shown clearly in the experiments with 
formaldehyde food by Auerbach (1956). 
The method of brood pattern analysis with landmarks has so 
far been applied only to X-rays and formaldehyde. In all other 
cases, brood patterns are given only in terms of time after 
treatment. 
After mustard gas the peak of mutation frequency usually 
occurs in the third brood, from the 6-9th day after treatment, 
that is one brood later than that in which the peak of mutation 
occurs after X-rays (Auerbach 1949-1950 and 1951). 
However it seemed possible that the sensitive stage to both 
agents was the same, but that after mustard gas sperm utilization 
was slower so that the peak of mutation frequency occurred in a 
1.ter brood. 	A more accurate determination, of the sensitive 
stage to mustard gas was attempted in the work reported here. 
A similar technique to that which Auerbach (1954) had used 
in determining the sensitive stage of X-rays was used. In the 
technique a double purpose stock (see Stocks) is used to test for 
sex-linked lethals and crossovers simultaneously in the progeny 
of the same treated male. A test was also carried out to find 
whether the delayed effect of mustard gas plays a role in 
determining the brood pattern. 
Very little is known about the cause of the high mutation 
rate during the sensitive stage. Some relevant tests were 
carried out by Sobels (1954-1955-1956). 	He pre-treated 
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Drosophila males by sodium azide, potassium cyanide, 
dihydroxydimetbyl peroxide and formaldehyde before X-rays. He 
found that mutation frquency increased markedly after such 
pre.-treatment, especially during-the sensitive stage. 	Thus, 
inhibiting the enzyme activity by this pre-treatment playsa 
special role in mutagenesis during the sensitive stage. 
Oster (1958) tested for sex-linked lethals and translocatione 
after irradiation of spermatozoa in males, inseminated females, 
or rupae 92 hours old, or of spermatids in 48 hours old pupae. 
Irradiation was done in N2 , air or 02. He found, as expected 
from other results, that irradiation produced fewer sex-linked 
lethals and tranelocations in N 2 than in 02; but this dirrerence 
was not the same for all stages tested. In mature sperm there 
was a large difference between irradiating in N2 and air, but there 
was only a slight difference between air and 02. 	The opposite 
results were obtained when spermatids were treated. 
He concluded that the high sensitivity of the spermatids 
after irradiatior may at least in part be due to more intra and/or 
intercellular 02 being normally present or available, in these 
cells. 	Later results of Sobels (1958) agree nicely with Oster's 
hypothesis, 
After chemical mutagens a few similar tests were carried out, 
such as treating Drosophila males by mustard gas in an atmosphere 
of 02 or N2 (Auerbach and Moser 1951). Mutation rates were not 
different in the two oases. When catalase was inhibited before 
mustard gas (Sobeis 1956e) mutation frequencies increased but the 
results were not very clear, especially as regards the effect on 
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different germ cell stages. 
Quite a different problem was raised by Lining (1952 d-f). 
It is the question whether during the stage of high sensitivity 
the increase in mutation frequency is due to a general increase 
in both intergenic and intragenic changes or entirely due to an 
increase in intergenic changes. 
L{ining (1952 d-f) considered the second hypothesis to be 
the correct one, but Auerbach (1954 a-b) expressed doubts about 
this conclusion. 	She suggested a test which takes account of 
the fact that lethals are due to one niutagenlo event, while 
rearrangements are due to two independent breaks followed by 
reunion. Thus lethals will increase linearly with dose while 
rearrangements will increase as the square power of the dose. 
This is known to be true after X-rays, and it is considered to be 
proof for the breakage - first hypothesis. After high doses of 
X-rays the increase in the frequency of translocations was found 
to increase as 3/2 power of the dose (Muller, Makki and Sidky 
1939 - Muller 1940 and others), and this deviation from the 
expected square power can be explained through the inviability 
of many rearrangements. The same dose - effect relation is 
true for mustard gas, as shown in an experiment carried out by 
Nasrat, Kaplan and Auerbach, in which the frequency of 
translocations was plotted again.,-,t that of lethals at different 
doses. 	It was found that translocation frequency increased as 
the square power of lethal frequency. 
If then, there is a general increase of all genetical 
effects during the sensitive stage (according to Auerbach'S 
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hypothesis), the increase in translocation frequencies should be 
the 3/2 power (for X-rays) or the square (for mustard gas) of the 
increase in lethal frequencies. On the other hand if the 
increase in mutation frequency during the sensitive stage were 
entirely due to the increase of intergenic changes (according 
to L(Lning hypothesis), translocation frequencies should 'be higher 
than 3/2 or the square power of the dose. How much higher can 
be estimated from the proportion of rearrangements among lethals. 
The variation between the two hypotheses can be noticed clearly in 
Histogram I. 
In Histogram I the results expected on the two hypotheses are 
Illustrated for X-rays and mustard gas. The height of the 
columns shows the overall frequency of lethals, the shaded regions 
show the rearrangements among lethals. It has been assumed 
that in the sensitive stage, lethal frequenr 	is twice that in 
the treated spermatozoa, and the frequency of rearrangements 
among lethals in the sensitive stage has been calculated according 
to the two hypotheses. 	The ratio between translocations in the 
and 
sensitive stag/in mature sperm will be the same as that between 
the shaded areas In the histogram. 	It will be seen that for 
X-rays the expected difference between the two hypotheses Is small. 
Therefore the experiment by Auerbach (1954) to test her 
hypothesis for X-rays gave inconclusive results. For mustard 
gas the expected differences Is much larger, so a decision between 
the two hypotheses should be easier. 
In the work presented here, an experiment with mustard gas 
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A histogram showing the expected proportion .1 ir-break rearrangements 
among lethale in treated spermatozoa, and in the sensitive stage according 
to two different hypotheses (Auerbach- Luning , For explanation see text). 
	
Spr. 	s.f 	 Spr. S.S. 
S.S. i sensitive stage. 
I t Sane increase in frequency of mutations and breaks 
II s Only intergenia change. increased. 
Shaded part s Two-break rearrangements. 
Columns 	t Overall frequency of l.thals. 
Spr x Spermatozoa 
UITX Li . PL I 
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was carried out to determine the ratio of translooationtb]el±sis in the 
different stages. 
A different problem concerning sensitive stage was suggested 
by some results obtained by Fahmy and Fabmy. They tested for 
the sensitive stage to about 20 compounds of the alkyl 
methanesuiphonate group, such as ethyl methanesulphonate (Fabmy 
and Pahrny 1957), 1 : 6—dimethanesulphonpxy rnannital (Fahmy and 
Fahiny 1958) and di(inethane—sulphonoxy) alkanes Fahmy and Fahmy 
(1952) and found that all gave a similar brood pattern. 	The 
mutation rate was high di.aring the first brood, after which it 
declined gradually in the following broods till the fifth, where 
a sharp drop occurred; then it remained level till the seventh 
brood. 	They suggested that the brood pattern is characteristic 
for the various compounds of the allç.Tlmethane suiphonate series. 
Only for one compound belonging to this series ,CB15O6 
(2—chioro -ethyl methanesulphon--tel an unusual brood pattern was 
obtained. Mature sperm seemed to be highly resistant to the 
mutagenic effect of this substance, for hardly any mutations were 
found in the first brood. Mutation rate then increased 
gradually in the second and the third broods, after which a sharp 
drop occurred in the fourth brood, followed by a peak in the 
fifth; then it declined again. 
OB1506 (C1CH2—CH2-0SO2 cH3 ) has been synthesized by Dr. J. L. 
Everett (1956) at the Chester Beatty Research Institute. Like 
mustard gas It belongs to the alkylating agents which are 
characterized by their ability to transfer alkyl groups under 
physiological conditions. The importance of such a reaction in 
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connection with the biological activity of sulphur 'mustard' was 
first emphasised by Peters in 1947, and such studies were 
extended to other compounds by workers at the Chester Beatty 
Institute (Ross 1953). 
Pahiny and Fahmy rejected the possibility that CB1506 takes 
a very long time to act, because if this was the reason for the 
high mutation rate during the late broods, there should be a steady 
increase in mutation frequency in successive broods; but in 
reality a sharp drop in mutation frequency occurred In the fourth 
brood, just before the peak. 
They interpreted the curious brood pattern (Fahir and Fabmy 
1957-58) to be caused by the substance acting in two different 
ways. 	Since the suiphonoxy group hydrolyses Trore readily than 
the chlorine atom, they consider that the sulphonoxy group acts 
on the late germ cells, while a secondary compound Is produced 
in vivo which acts on the early germ cells. This secondary 
compound could be the amino-acid mustard ohioroethyl cysteine. 
Testing for the niutagenic effect of N-mustard derivatives 
of phenylalanine and S-obloroethyl cysteine (Fabmy and Pahny 1958a;b) 9  
they found that these substances are similar to CB1506 in their 
mutagcnic activity on the premeiotio stages (Roberts & Warwick,1957). 
They also tested the brood pattern of fluorethyl 
methane suiphonate, which has a similar hydrolysis rate as CB1506, 
but would not be expectod to produce in vivo a highly reactive 
mustard. The postmeIotic germ cells were highly sensitive to 
its niutagenic effect IL contrast to the premelotic ones, for 
mutation rates increased in the first three broods then declined 
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till the seventh. 	These results confirmed the Fahmy's in their 
conclusion that the brood pattern obtained under the effect of 
CB1506 was due to the effect of the suiphonoxy group on the 
late germ cells, while a secondary mutagen formed in vivo was 
responsible for the mutation rate in the early germ cells, and the 
drop in the fourth brood showed the end of the action of one 
mutagen ar.d the start of the other. 
Auerbach (1957-1958) considered that this interpretation 
is rather an accumulation of assumptions, especially a similar 
increase in the later broods was found after quinone - A (2-5 
bis ethylene imino benzoquinne - 1 9 4) (Liers 1956a-b). So 
she suggested alternative interpretations, which she listed as 
follows:- 
C506 may have a slow action in producing its mutagenic 
effect; this is supported by the finding that in 
treating Neurospora conidia with CB1506 it took a longer 
time than any other chemical mutagen to show its fall 
effectiveness (Içølmark unpublished). 
It may be due to delayed effect, which may or may not 
require cell division. 
Mutation produced by CB1506 may always be due to errors 
of replication of the gene, and therefore may require 
nuclear division. 
Mutation may depend on rate and/or type of metabolism 
during treatment. 
The test of some of these assumptions forms the second part of 
this work. 
The first assumption was tested by storing treated 
spermatozoa for various periods of time before utilization. If 
time by itself has any influence, an increase in mutation rate 
after storing will be excepted. 	The results of storing sperm in 
males cannot be quite conclusive because after storing spermatozoa 
may be a mixture of treated mature and immature cells (Auerbach 
1951-1953 , Lining 1952 and Kaplan 1954). Therefore spermatozoa 
were also treated and stored in inseminated females; this allows 
in addition a comparison of mutation rates on the maternal and 
paternal X-chromosomes. Mutation rates in stored spermatozoa 
were always compared with those induced in parallel broods 
drawn from males which were sexually active during storing. 
Autoscimal lethals were also tested in the progenies of both 
stored males and the ones which were kept sexually active; this 
has the advantage that bunches of identical letbals can be 
detected. 	This allows a more accurate determination of the 
treated stages. 
When the results of these experiments showed that the 
passage of time alone cannot explain the high mutation frequency 
in late broods, further experiments were carried out on females. 
This was done because the female germ cells consist of 
oocytes and oogenia only, while the testis contains also postmeiotic 
stages in which no more nuclear divisions take place and 
metabolism is low. 	Thus if the mutagenic action of CB1506 
required cell division because induced mutations are due to errors of 
gene replication or because delayed mutations require divisions 
for manifestation, more mutations would be expected from 
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female germ cells which are treated as oogonia than those .reated as 
oocytes, therefore an increase in the mutation rate would occur 
in the later broods. 
Alternatively, if mutation requires a special rate or type 
of metabolism, such difference between broods would not necessarily 
be expected. In this case mutation frequency might be 
influenced by keeping the females on different diets. 
Experiments were carried out to test for the brood pattern 
of the female germ cells, and a possible influence of metabolism 
on mutation rate was tested in females stored either on normal 
food or on protein free diet. 
A further approach to this study of metabolic influence ui 
mutation frequency was made by rearing larvae on CB1506 treated 
food of different .composition. 
Thus the plan of the work pre.-;ented here can be summaiized 
under the following headings:- 
I. 1.0STAIM GAS 
Does delayed effect play any part in the determination of 
the brood pattern? 
Which stage is the most sensitive to the mutagenic action 
of mustard gas? 
Is the increase of mutation rate during the peak period 
due to an increase in intergenia changes only or to an 
overall increase in mutagenie effect? 
II. CB15O6 
1) Comparison of intatio frequencies in spermatozoa which 
were either utilizied for the production of successive 
broods or stored in males or in untreated females. In 
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some experiments inseminated females were treated and 
stored for different periods. In one of those 
mutation rate was tested on both the paternal and 
maternal X—chromosomes. 
2) Determination of the influence of rate and type of 
metabolism and of cell division on the induced mutation 
rate. For these tests females or larvae were used. 
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MATERIAL AND METHODS 
Stocks: 
A: Single purpose stocks 
The Oregon K: 
This stock has been kept and used in this laboratory for 
a long time and has been used for most of the mutation work. 
In the following experiments it has been used either in a 
homozygous or heterozygous condition according to the purpose 
of the experiment. Its spontaneous mutation rate is about 
0.3% (Auerbach 1953, Nasrat 1953).  When the files are 
reared on synthetic medium it is about 0.08% (Alderson 1954). 
Muller - 
This stook was made up by Muller, 1927, and described in 
details by Soence and Stern (1948). Its genotype is 
so SIB 	a J • It has the dominant marker Bar (B), the 
recessive marker apricot (Wa)  and the two inversions In S 
(S:Sinitskaya) which is included within the so inversion. 
These inversions inhibit crossing-over along the whole length 
of the X-chromosome. The duplication of the se locus increases 
the viability and the fecundity of the stock. 
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dpbcnbw: 
This stock was used to test for crossing-over on the 
second chromosome. The loci of the four recessive markers 
dumpy wings () black (b) cinnabar (en) and brown (bw) are 
successively 13 - 48,5 - 57.5 - 104.5. 	Thus the markers cover 
the whole length of the second chromosome (the last known locus 
is at 108). 	The interaction of bw and on in producing white 
eyes makes the detection of crossing-over between these two 
loci very easy. 
Cy/Bi L2 : 
It is a balanced lethal stock, in which one of the second 
chromosomes has the dominant genes Bristle (DI) and Lobe 2 (L 2 ) 
while the other carries the dominant gene Curly () and two large 
paracentric inversions, one in each arm. These inversions 
suppress crossing-over along the crornosome. 	Crossingover 
takes place rarely 1j the non-inverted centromeric region; but this 
can be detected by the presence of Bi and L 2 in the opposite 
chromosome 	, Bi and L 2 are letbals in the homozygous condition. 
bw; st: 
This stock was used for the translocation test. It carries 
the gene brown (bw) on the second chromosome and scarlet () On 
the third. 	The combination between the two genes (bw and et) gives 
a third phenotype; white eye colour. This helped in detecting 
the occurrence of translooations between the two chromosomes. 
Double Purpose Stocks: 
The purpose of these stocks is to test simultaneously for 
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two genetical effects in the progeny of the same males (Auerbach 
1954). Even more than two tests can be carried out 
simultaneously with multi-purpose stock which was built up by 
Muller (1954) to test for lethals, translocations and losses of 
chromosomes and chromosome parts. By using these stocks differences 
between the treated males will be avoided as well as differences 
in the rate of sperm utilization which may differ due to the 
genotype of the females used. 	Auerbach (1954) found that the 
L females speeded up sperm release more than M-5 females. 
In all the double purpose stocks which were used in this work 
the X-Chromosome was used for the detection of sex-linked lethals 
while the autosoinals were used for 4he 	t1on of s1thr 
crossing-over or translocation. 
I. 	SI149 m 
Be / Bl ; dp b on bw:so 
This is a balanced stock made up by iss Nordbaok to be 
used for the sim1taneous scoring of sex-linked lethals and 
crossing-over of the second chromosome. 
The females in this stock are either homozygous or 
heterozygous for SCSI  1n48 rn 	The heterozygous females 
were used in the experiment because they are more fertile 
and viable than the homozygous ones. Their genotype is 
SC
SI  1n49 rn 	/ B 1; 	b on bw. 	The X-chromosome sc 1n49 
is similar to 5 chromosome, except that it has the recessive 
marker miniature (rn) instead of apricot (Wa) and 1n49 instead 
of In 5, which is in about the same position as In S but slightly 
smaller. This chromosome was used in preference to M-5 
because the vwa gene in M-5 would have created difficulties in 
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scoring for the eye colour genes cinnabar and brown (en & ) 
on the second chromosome. The other X chromosome has the 
dominant marker Bar (B) and a recessive lethal. 
The males are always of the genotype SCSI  1n49 
because those carrying the B 1 X—chromosome die. 
The second chromosome has the four recessive markers 
dp b on bw (see the dp b on bw stock). 
01, dpbcnbw; 
This stock was used for the seine purpose as the previous 
one. 	Its genotype is y sc 1n49 so ; dp b en bw. 	The 
X—chromosome is similar to the previous stock, except that it 
has the recessive marker yellow () instead of the miniature (a). 
The second chromosome has the four recessive markers 
(see the dp b on bw stock). 
010 	bw; st: 
This stock was used to detect the occurrence of sex—linked 
letbals simultaneously with translocations between the Y, II and 
III chroraosomes. The genotype of the X—chromosome is 
• y InEn 1n49. 5Y. 	It includes the inversion ThEn (Novitski 
1949) in which the entire chromosome is inverted and has the 
recessive marker yellow () at its base. 	The inversions 
inhibit crossing—over along the whole length of the X—chromosome 
A whole Y chromosome is attached to the X—chromosome, the short 
arm YS at one end and the long arm Y L at the other. This 
chromosome was first used by Novit ski (1950) to avoid the 
sterility of the males which carry exchanges involving either 
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arm of the Y chromosome (Dubinin 1935 Neuhaus 1941 and Oster 
1954). 
The second chromosome has the recessive marker bw, while 
the third has the recessive marker st (see the bw; st stock). 
Methods 
I. Collection of the Material: 
Colleetioii of Larvae: 
In order to obtain many larvae of comparable age, flies for 
egg laying were collected from good cultures and were transferred 
daily for several days to fresh bottles with heavily yeasted food. 
Immediately before the period of egg collection they were shaken 
into fresh bottles for about 4 hours, so that the nl vculd 
lay the eggs which were stored in their uteri. The flies were 
then shaken into empty culture bottles which were inverted over 
watch glasses with ordinary maize—meal molasses food. The 
surface of the food was roughened and a small spot of yeast was 
added to facilitate egg laying. 	The flies were allowed to 
ovipost for a period of 2-3 hours at 25 CO. The medium with 
the eggs was then transferred to Petri—dishes with the same 
medium in order to increase the supply of food for the hatching 
larvae. On this medium the larvae were kept at 25 C 0 until 
treatment. Their age was counted from the middle of the 
egg laying period. 
Collection of Pupae: 
The flies were fed on extra yeast, and then shaken into 
fresh bottles for four hours to lay the stored eggs, then for 
another four hours into fresh bottles (using the same technique 
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as for the larvae collection). 
To minimise the differences in age between the treated 
pupae and to make sure that only males were selected, male pre-
pupae were collected during a limited period. This can easily 
be done without dissecting or sectioning the prepupae (Kerkis 
1931) but examining them under the binocular, where the testes 
look like small transparent balls in the posterior part of the 
pupae, while the ovaries are opaque, small and seem to be 
covered by fat (Sonnenblick 1941). 
The male pupae were then transferred to fresh vial with 
medium so that they wouldhave enough moisture to complete 
deve1opmen, 	The age of the pupze for treatment wac determined 
by the colour of the eyes and by the time which control pupae 
took to hatch. The age was chosen so that the control hatched 
about 24 hours after treatment of the pupae. This is about 
the same age which in Khishin's (1954) experiments is recorded 
as 172 hours after egg laying. 
Collection of Adults: 
Flies were collected from good uncrowded bottles in which 
hatching had started one or two days previously. This was done 
in order to avoid .a possible difference in genetical response 
between early and late emerging flies such as Stromnaee (1949) has 
found for dominant lethals after irradiation, and also Kaplan 
(1954) after mustard gas. 	Collection was restricted to a period 
of 5-7 hours in order to minimise variations in age between the 
treated flies (Stern 1927 , Offermann 1939 , Liming 1952a,-b 




Both of the chemical mutagens which were used in this work 
belong to the alkylating agents (Ross 1953) and they were: 
1. Mustard gas (dichiorodiethyl sulphide) S—OH 2 - CH 	CI 
2 - 	- CI 
This was first used by Auerbach & Robson 1940. 
2. CB1506 (2.-ohioroethyl methanesuiphonate) Cl CH  - CH  - 0502-0H 3 . 
This was first used as a mutagenic agent by Fahmy and Pahmy 
1956, after it had been synthesized by Dr. J.L. Everett 
at the Chester Beatty Research Institute. 
1. 	Liustard Gas: 
The Apparatus: 
Theapparatus used was a modified version of that described 
by Nasrat (154). 	These modifications can be summarized in the 
following points: (see Fig. I): 
As in Nasrat's apparatus the air bubbled through the 
mustard liquid gas, but to dry and to purify it from moisture or 
any contamination; it passed first through concentrated 112 50 4 
and activated charcoal. 
During the treatment the air passed through the mustard gas 
chamber before the exposure tube. Its flow was regulated in such 
a way that its rate was measured by the number of the air bubbles 
per 15" (20 bubbles per 15"). 
A horizontal tube was used as exposure vial. This was 
allowed to spread the flies more or less evenly over its lower 




A 	= concentrated H2S02 
B and F = activated charcoal 
C 	= mustard gas 
D 	= exposure vial 
E = water path 
= concentrated nitric 
acid 
E = solution of calcium 
hypoclorite 
I. iMx gas apparatus 
FIGURE I 
The temperature was controlled by submerging the exposure 
vial and the lower part of the mustard gas container in a 
water bath in which the temperature was kept constant at 15 00 . 
The room temperature was kept as near 15 C ° as possible. 
After leaving the exposure tube, the air and mustard gas 
were passed through another tube with activated charcoal, then 
through concentrated nitric acid, and finally through a solution 
of calcium bypoclori -te so that any traces of mustard gas would 
be removed completely. 
Treatment: 
In all the experiments the following technique was adopted: 
The temperature of the water bath was kept constant at 15 0. 
The rate of air flow was kept at 20 bubbles per 15'. 
Before treatment, the -apparatus was tested for possible 
leakage by running the air through it for 10 1 , by—passing the 
mustard gas chamber, and for another 10' including the mustard 
gas chamber. Then the remnants of the mustard gas were removed 
from the flies chamber and the connecting tubes by a third 10' run 
of alt by—passing the mustard gas tube. Then the material was 
placed in the exposure vial, and the air was allowed to bubble 
through the gas, then through the exposure vial for the 
required time. After treatment the traces of the gas were 
removed by another 10' of air after which the treated material 
was removed. 
The Dose: 
Since the temperature, the rate of the air flow and the 
size of the exposure vial were kept constant in all the experiments 
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the dose was determined by the length of the exposure time. 
Treating Adults: 
The flies were usually etherized just before they were 
placed in the exposure vial. 	That was done because of the 
finding of Auerbach & Robson (1947); that the activity of the 
flies during the exposure to mustard gas had a great effect on 
their sensitivity to the treatment. The size of the exposure 
vial was kept the same in all the experiments and the number 
of the treated flies was always 230. 	For Nasrat (1953) found 
that the number of the treated flies and the size of the 
exposure vial had a marked influence on the efficiency of the 
treatment. 	The flies were spread over the lower surface o. 
the vial in such a way that each one would get approximately 
the same dose of mustard gas. After the treatment they were 
shaken into fresh vials and kept at 25 C O 3 till the next day 
when they were mated. 
Treating Pupae: 
The pupae were removed from the vials or the culture 
bottles by damping them with water for a few seconds, after 
which they could be picked up easily by a brush. Then they 
were mounted on shreds of paper which can slip easily into the 
vial. 	Care was taken to have these shreds dry, so that the 
gas might not dissolve in traces of water, leading to over— 
treatment of some pupae. 	The shreds were placed in such a 
way that they did not overlap. After the treatment they were 
put into vials with medium till the flies hatched. 
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2. 2-ch.loroetbyl methanesuiphonate (CB150 61  
This chemical was used for treating adults by abdominal 
injection and larvae by feeding. 
Treating Adults: 
The Apparatus; 
For injecting the flies the Agla Micrometer Syringe was 
used with which a very small volume of liquid can be measured 
accurately. The syringe was tested at the Wellcome Research 
Laboratories. Its accuracy is such that volumes as small as 
0.01 ml. may be measured 	within 0.00005 ml. 
Treatment of Adults: 
.4 	 - 	..' 	 . 	..O_ 	 1 4.. 	 . .4.4.1 u.i. uay 	uj..0 .Lj.uJ.0 uuu euj..j,j.e es  Wero 
injected abdominally with an aqueous solution of the CB1506 
in isotonic (0.4) saline, either previously autoclaved or 
fresh prepared. 	The concentration was the same as Purdom's 
(1957) (ic 2  M, about 0.2 ), and each fly was injected by 
0.2 - 0.4 41. of the solution. 	In some experiments the 
treated flies were stored on a protein-free diet (starvation 
medium) (100 cc water, 3 gms. agar and 10 gms. sugar) for 
different periods; details will be given in the section of 
the results. 
Treatment of Larvae: 
Larvae of 24 9 48, and 72 hours old were collected and 
transferred to vials with treated medium. 	Batches of 40-50 
larvae were transferred per vial, in order to avoid overcrowding 
and to provide enough of them to keep the food in good 
condition. The larvae were either left on this medium for 
24 hours only, or till pupation. 
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The treated medium was made up in the following way: 
A mixture of 3 gms. agar, 10 gnis. sugar and either 10 gms. 
or 5 gme. killed brewexs yeast was cooked in 100 cc water. 
It was left to 000l down to 60 C ° when propionic acid and 0.2% 
of CB1506 was added. 
The concentratior of the propionic acid and the 031506 
refers to the volume of the medium and not to that of the water 
used for preparing the medium (Auerbach and Moser 1953ab and 
Auerbach 156). 	This method was preferred because evaporation 
of the water during cooking could not be determined exactly and 
may differ due to many factors such as the time during which 
the water was kept boiling, the size of the ntanr, ctc.. 
,.' 111 Breeding Techniques: 
In all the experiments a standard technique was used which 
can be summarized in the following way: 
The flies were 2-3 days old when they were treated either 
by abdominal injection of 0B1506 or by exposure to 
mustard gas. 
After treatment the flies were kept at 25 00  till the 
following day when they were mated. In most of the 
experiments each male was given 3 virgin females and 
each female 2 males; separate records were kept for each 
treated fly. 	In some experiments mass matings were used 
in ratio of one treated male to 3 virgin females or one 
treated female to two males. 
3. 	In order to sample treated germ cells of different ages, 
successive broods were reared and were scored separately. The 
32 
brood interval was always 3 days except in two experiments 
where the first three broods were produced over two days 
each. 	In each brood the treated males were reinated to 
new virgin females, while the old females were transferred 
to fresh vials so that more progeny could be obtained. 
4. 	All cultures ahd etockes were kept at 25 C ° . 
IV Genetical Tests: 
I. Test for sex-linked lethals alone (riuller - 5 Test): 
This test has been described in details by Spencer and 
Stern (1948), Nasrat (1953) 9 Khishin (1954) and Alderson (1954). 
In the present experiments any culture of the F 2 , in which 
wild-type males seemed lacking was etherized and the flies were 
classified under the binocular; cultures with 10 or more 
141-5 males and no wild-type males were scored as lethals. 
Doubtful cases were retested. 
2Combined Test for Sex-linked Lethals and Grossing-Over: 
This test is similar to one described by Auerbach in 1954. 
Wild-iype males were crossed to virgin females from the 
gZ b en bw stock. 	The F 1 110 hd a wild type I chromosome 
and were heterozygous for the marked second chromosome. These 
males were treated and then mated to virgin females of the 
genotype, sc rn 1n49 sc8 /1.,h; 	b en bw in mass matings, in 
a ratio of one male to three virgin females. 
Pc: +/; +/+ 	 X +/+; d 1 : U Cfl 'QV 
P1z +/%; +1 dp b on bw I so in 1n49 sc8 / lB ; dp b on bw 
(these males were treated) 
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: The flies were examined for cress-overs on the second ' 
chromosome. The non-Bar F1 females were crossed to 
their brothers or -5 males i - pair intings. 
cultures were examined for sex-linked lethals. 
or the scoring of cross-overs all F 1 flies were etherized 
and examined under the binocular. Only flies which showed 
two or three of the marker genes, 	b en bw, were coimted as / 
cross-overs. Plies which showed only one marker might have 
arisen through deficiencies or mutations except those which 
had occurred as a complementary class with other cross-overs. 
Sex-linked lethals were scored in the F 2 cultures in the 
usual way. Ar uncxpectsd finding we t!t mating of the F 
females to brothers resulted in a higher percentage of sterile 
cultures and of lethals than mating to M-5 males. This may be 
due to the segregation of the au.tosomal markers, which 
interfere with viability and fertility. Therefore a different 
stock was used in subsequent experiments. 
3Another Combined Test for Sex-linked Lethals and Crossing-over: •/. 
Ork males were crossed to virgin females of the genotype 
SCSI 1n49 Sc8 ; dp b en bw. 	The F1 males were treated and 
mated individually to three virgin females from the 
stock. 	Separate records were kept for every male in order to 
detect bunches of cross-overs. 
As in the previous test, cross-overs were scored in F 1 , and 
sex-linked lethals in F2 . In this case absence of z males 
from an F vial showed the presence of a lethal on the treated 
X-chromosome. 
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4: CoBlbined Test for Sex-linked Lethals and Translocations 	 - 
Between Y, II and III Chromosomes 
Treated OrK males were mated in mass cultures to virgin 
females from the 010; bw; Lt stock. 
The F1 females were used for the sex-linked lethal test. 
They were mated either to tei 	O zieis or to a1es from QQ; 
at stock. 
F2 cultures were scored for lethals and the absence of 
wild type males from any of the P 2 cultures was counted a 
lethal, using the same principals as in M-5 test. 
P-1 males were used for the translocation test. The males 
had an untreated maternal X chromosome, a treated Y chromosome, 
and were heterozygous for treated and untreated 2nd, and 3rd 
chromosomes. 
The Translocation Test: 
1. 	The F1  males-were back-crossed individually 
to one virgin 
female from the 010; bw; st stock or the bw; at stock. 
The F2 cultures were examined without etherization under the 
binocular and any doubLful culture was etherized and 
examined more tlwroughly. 
If no translocation had occurred, the F 2 culture would 
consist of four classes of phenotypes in equal proportions 
namely Wild type, bw, at, and 
If a -tranalocat ion had occurred between the: 
a) II and III chromosomes, only wild type and bw st flies 
were found. 
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b) II and Y c hromosomes q all females were bw and all males 
non-bw while et segregated 
normally. 
e) III and Y chromosomes, all females were st and all males 
non-st while bw segregated 
normally. 
The reason for this apparent linkage is the death of 
zygotes which had received an unbalanced chromosome set through 
the males. 	This is illustrated in Diagram I for a trane].ocation 
between the II and the III chromosomes. 
5-Test for induced autosoinal letbals: 
This test was used to determine the mutation rate on the 
second chromosome. Treated wild type males were mated 
individually each to 3 virgin females from pZIL2 stock (see stocks). 
The heterozygous P1 males 1/gZ were mated separately each to 
one 	virgin female. The progenies of each treated male 
were kept separate, so that bunches of identical lethals could 
be determined. From each 2 sibahip 1-3 F 2 males heterozygous 
for the treated II chromosome and Cy (phenotype round ) 
were mated to 1-3 sisters of the same phenotype to give F 3 . 
The F2 females should be virgin or as young as possible, to 
ensure that they had not been mated to L brothers * The P 3 
cultures were scored for autosomal lethals. Any culture in 
which straight winged males or females (but not/ 2 ) were 
absent, was counted as a lethal. 	This is so because the P 2 




The cross-shaped configuration formed 
by chromosomes (II & III ) at the 
pachytene stage of meiosis. 
ll 
ucd go,-,-' 	Unbalanced gametes due to a duplication in 
one chr00080rne and a deficiency i.i the other. 
A diagram to ahoy the balanced and unbalanced gametes produced by a male 
heterozygous for a tranelooation between the II and III chromosomes. 
III 
• ited chromosomes (II & Normal II A III chromosomes 
III) in the P d carrying 	in a virgin female. 
a translocation. I 
_I1 	 I 
f 	 r 
DIAGRAM I 
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second chromosome, and If this chromosome had a lethal 
honiozygotee for this chromosome would die 
P1 	+1+ 	 x 
F1 	+/Cy 	 x 
F2 	+/Cy 	 x 	+/Cy (sister) 
P3 	+1+ ; 	Cy/Cy ; 	 +/Cy 
dies if it 	Dies 
carries a 
lethal 
The results of the test may be confused if any treated males 
are heterozygous for an original present lethal. Half his 
progeny will then carry this lethal, and this cannot easily 
be distinguished from an Induced bunch of lethals, especially 
the tested chromosomes are only a small sample from the whole 
progeny of any treated male. 
To simplify detection of heterozygous males±/a males 
were treated in one experiment instead of wild type ones. 	In 
this case If a male is originally heterozygous for a lethal, 
this will be presented in all his non-a sons, and only these 
are used for the test. 
Test for bunches of autosomal lethals 
The induced lethals in the progeny of the same male were 
cross-tested with each other. The lethals were kept balanced 
against the second chromosome with the two inversions of 
A male heterozygous for one lethal (l/)  was mated to a 
virgin female heterozygous for another lethal 12/a). The 
F1 cultures were examined and the absence of straight—winged 
flies showed that the two lethals were identical or allelic. 
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PART I - Experiments with Mustard Gas 
A. Does delayed effect play a role in the determination of 
the brood pattern? 
Auerbach (1947-1953) found that mutation rate did not 
change when the treated spermatozoa were stored either in the 
males or in the females. These results were confirmed by 
Kaplan (1954). But in 1955 Herskowitz found that when the 
treated spermatozoa were treated in the females the frequency 
of translocatlons increased in successive broods drawn from 
Lh.ese feiaies. 	Tharcfcrc an experiment w done to retest 
this question. 
Experiment M.G.1. 
Ork males 2-3 days old were treated by mustard gas for a 
period of 5 minutes. On the next day and for the production 
of every brood they were mated individually each to 3 M-5 
virgin females. Four successive broods were drawn from the 
treated males, each for 3 days. At the erd of every brood both 
the males and the females were shaken out from the first vial, 
then the females were transferred into another vial (the second 
vial), while the males were remated to another batch of virgin 
females to produce the next brood. 	The broods were called 
a, b, c, d; the second vial in each brood get the suffix 2 
(e.g. b2 ) 
Two further broods were drawn from the females which had 
produced brpod a. They were, SYb which was parallel to brood by 
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and for which the sperm had been stored for 3-6 days, and SFc 
which was parallel to brood c, and for which the sperm had been 
stored for 6-9 days (See Scheme I). 
The F1 females were mated to their brothers to test for 
sex-linked lethals; separate records were kept for both the 
first and the second vials for the progeny of each male. 
From the results shown in Table I and Figures . and , it 
will be seen that mutation rate increased gradually from brood , 
to b, then reached its peak in c, after which it declined again 
in brood d. The mutation rate was significantly higher in 
b than in a, but the increase from b to c was not significant. 
This can be explained from closer analysis of the brood pattern. 
Within brood c a sharp drop occurred fromal to 22 • 	There 
was no significant difference between the mutation rates in 22' 
and 
Thus it appears that the mutation rate reached its peak in 
Cl, and that the drop in 02  was the reason why the overall 
increase from brood b to brood a was not significant. 
Apparently the rate of sperm utilization had been rather quick 
in this experiment, so that spermatozoa used at the end of the 
3-day period of brood c already came from an earlier stage than 
those used at the beginning. 
Mutation rates in SFb and SFc will now be compared with 
mutation rates in the parallel broods b and a. Both in brood 
b and 2  the mutation rate was significantly higher than in the 
stored sperm. In Sib and SPo the mutation rate did not differ 
much from that in brood a. 
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A Scheme to show the different broods produced from the 
mustard gas treated males. 
Brood 	 Days 
a 	 0-3 	 eP, 	fa 
b 	 n b 	SYb 
0 	 6-9 	 !SFc 
d 	 9-12 
P1 : The treated males 
: Virgin females to which the treated males were mated. 
SFb: Sperm stored in the females for 3-6 days (parallel to 
brood b). 
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Thus it can be concluded that storing the treated sperm 
did not affect the mutation rate and this confirmed the results 
of Auerbach and Kaplan. 
B. 	Which stage is the most sensitive to the mutagenic action 
of mustard gas? 
Experiment M.G.2. 
The purpose of this experiment was to determine accurately 
the most sensitive stage of the germ cells to mustard gas, by 
using Auerbach's technique where combined tests for sex-linked 
lethals and crossing-overs were carried out simultaneously. 
Males 2-3 days old with a wild type X-chromosome and 
heterozygous for 	b en bw were treated by mustard gas for 7 
minutes. On the next day they were mated in mass to virgin 
females of the genotype ec 	m 1n49 sc5/IB; Ap b en bw in a 
ratio of 30 females to 20 males in each bottle. Pour broods 
were drawn from the treated males, each for a three days period 
(See Methods), 
The F1 flies were examined for cross-overs. The P 1 
females heterozygous for the wild type treated X-chromosome 
(of phenotype red round eyes) were reniated to their brothers to 
test for the occurrence of sex-linked lethals in F2. Many of 
the brothers were sterile; therefore M-5 males were used as 
well, and separate records were kept. It was noticed that 
lethals were more frequent in the culture in which the females had 
been mated to their brothers than i. those where M-5 males were 
used. 
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The high sterility in the F cultures and the high 
lethality in the F2 cultures which occurred when the F1 females 
were mated to their brothers, can be interpreted as follows. 
The F1 males carried the treated Y chromosome on which the 
treatment may have induced genetical effects causing sterility. 
They were also heterozygous for the treated and untreated 
second chromosomes just as were the F1 females. Thus the 
segregation for the recessive markers ( - - 	- 	) may 
have increased lethality in F 2 cultures. 
Table 3 presents the results of the crossing-over test; 
"r"1 . "r" 2 and "r" 3 stand for recombinants which had uncovered 
one, two or three recessive markers respectively. It appears 
that the first cross-overs had occurred in brood c, where 2 
fJies showed 3 recessive markers 2 j& b en, while in brood d, 
more cross-overs were detected, 13 were true cross-overs 
(6 r2 and 8 r3 ), and 5 were doubtful ones (5 r 1  ) because of the 
possibility that they might be due to deficiencies. 
Table 2 brings the data on sex-linked lethals. Mutation 
rate increased from a to b, then dropped in c, after which it 
increased again in d. 
The brood pattern in this experiment is rather unusual. It 
differs from what had been noticed in previous experiments and 
also from the next experiments to be described. The high 
sterility in brood b made the accuracy of the mutation rate in 
that brood doubtful. If the peak of mutation frequency had 
occurred in brood b, while the first cross-over had occurred in 
a, then in this experiment the most sensitive stage would be 
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spermatids as after X-rays. 	But if the peak had occurred in 
brood d, because of an unusual slow rate of sperm utilization 
in this particular type of cross, then the peak would have 
occurred in early sperinatocytes or late sperniatogonia. 
Experiment M.G.3 
This experiment was a repetition of the previous one. 
Three improvements were added: 	(i) The females were from 
another strain (+ ; a2 b on bw) which had much better fertility 
than that used in the previous experiment. 	(2) Pupae 
shout 172 hours old were treated to ensure that the spermatozoa 
drawn in the first brood were treated as spermatids (Khishin 
1954). 	(3) The treated males were mated individually and 
their progeny were scored separately for crossovers, so that 
bunches of crossovers could be detected. 	For sex-linked 
lethals, however, the progenies of the different males were 
pooled. 
Male pupae 172 hours old with a y so SI  In49 so X-chromosome 
and heterozygous for dp b on bw, were treated for 12 minutes. 
After the treatment they were transferred to vials with fresh 
food in which they were kept at 25°C till they hatched. Then 
the treated males were back-crossed individually, each to 3 
virgin females homozygous for dD b on bi. Four broods were 
produced from the treated males, each for 3 days. 
The F1 cultures were examined for cross-overs, and 
separate records were kept for each male. The F 1 females of 




The results are shown in Table 4 and Fig2 	Mutation 
rate increased significantly from the first to the second brood 
and reached its peak in the third, after which it declined to 
the same level as in the first brood. The brood pattern in 
this experiment is the same as in experiment LG.l. 
The occurrence of cross-overs is shown in Table 5 and Fig. 
In brood a clear oross-overs occurred in the progeny of male 
No, 9 (1r1 - 1r2 - 2r3 ). 	In brood b cross-overs were very 
frequent (36r1 - 20r2 - 16r3 ); some occurred in bunches, the 
size of the bunches not exceeding 4 out of 119 tested chromosomes. 
In brood £ cross-overs were fewer than in brood b (22r1 - 
18r2 - 10r3 ), but a bunch of 10 out of 41 tested chromosomes 
occurred in the progeny of male No. 13. In brood d cross-overs 
were still fewer (3r1 - 1r2 ) and no bunches were found. 
From these results it appeared that meiosis in this 
experiment had occurred in brood b. It was noticed that 
sperm which had been treated in meiosis was already represEnted 
in the second vial of brood a; perhaps male No, 9 which had 
produced this culure had been particularly active sexually and 
had remated with brood a females just before being given new 
females. 
The results of this experiment will be discussed together 
with those of Experiment M.G,4. for which adults were used. 
Experiments M. G. sand 5 
In these experiments adult males with the z SC
SI  1n49 Be 
8 
X-chromosome and heterozygous for dp b on bw were treated for 
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Frequency of sex—linked lethals and crossovers in noatard gas treated 
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FIGURE  
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7 minutes, (Expt. M.G.4) or for 6 minutes (Expt. M.G.5). 	A 
complete brood pattern of imitation rate was obtained during 2 
weeks. The brood interval in the first three broods 
(a, b, and o) was 2 days only. 	This was done in order to 
determine more accurately the occurrence of the first cross-overs. 
Subsequently, two more broods were drawn for 3 days each 
(d and e). 	The treated males were mated individually, each to 
3 virgin females of the genotype g2 b on bw, and crossing-over 
was scored separately for each male. 
The technique of scoring cross-overs and sex-linked 
lethals was the same as in the previous experiments. 
The results of these experiments are shown in Table 6 
(Expt. M.G.4) and Table 7 (Expt. M.G.5) and in Figare,4 
Mutation rate dropped from a to b, but the difference between the 
two broods in both experiments was not significant. Then the 
mutation rate increased significantly in both experiments from 
the second to the third brood, after which it arrived at its 
peak in the fourth brood. The peak in Experiment M.G.4 was 
very clear and mutation rate in d was significantly higher 
than in brood e, but in Experiment M.G.5 the increase was not 
significant. In both experiments mutation rate in the fifth 
brood dropped to a level lower than in brood a. In Experiment 
M.Gi flies with only one recessive marker uncovered were 
found in all broods. In brood e, only one fly with two markers 
uncovered was detected. Thus the distribution of certain and 
possible cross-overs was as follows; brood a 5r1 - 2r7 £ br1; 
d 2r1 and brood e 2r1 , 1r2. The results of this experiment are 
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inconclusive because of the uncertain origin of r 1 flies. 
In Experiment LcL4' the results were much clearer both for 
sex-linked lethals and for cross-avers. In brood a and b 
flies with one marker only appeared (brood a 2r 19 and b 1r1 ) 
and these may be due to either deficiency or crossing-over. 
The first certain cross-overs occurred in brood C (7r1 , 1r2 , 1r3 ), 
and this showed the onset of meiosis in this brood. In brood 
d no bunches were detected (5r1 ), while in brood e big bunches 
of cross, overs were 2ound; the biggest one (male No. 12) 
being 7 out of 14 tested chromosomes. This shows that brood 
d was drawn from germ cells treated as early spermatogonia. 
Since treated meiotic stages were sampled in brood £ and 
early sperma.togonia in brood e, while the peak of mutation 
rate occurred in d, it appeared clearly that the sensitive 
stage of the germ cells to the mutagenic effect of mustard gas 
had occurred in late spermatocytes or early spermatogonia. 
The results of this experiment can be used for 
interpreting those of experiment M.G.3 where pupae were treated, 
as shown in Scheme 2. The following points have to be taken 
into account. 
The treated pupae were 24 hours younger than the adults. 
The brood interval in the pupae was 3 days, while in the 
adults it was 2 days in the first 3 broods, and 3 days in 
the last two. 
In the first brood of Experiment M.G.3 definite cross-overs 
appeared only among the last hatohera and only in the 
progeny of one male. 
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Small bunches of cross-overs, which did not exceed 5 
out of about 100 tested chromosomes occurred during the 
4-6th day after treating adults, and during the 4-7th 
day after treating pupae. 
The biggest bunches of cross-over' occurred during the 
7-10th day in Experiment MOG.3 (10 out of 41 tested 
chromosomes), and during the period of 9-12 days in 
Experiment LG.4. (7 out of 14 tested chromosomes). 
In M.G.3 the first big bunches occurred already in the 
brood which showed the peak of mutation frequency. This 
can be explained by assuming that the longer brood 
interval had resulted in an admixture of early 
spermatogonia. 
From Scheme 2 it is concluded that in Expt. M.G.3 meiosis 
had occurred about the fourth day, while the sperm which was 
used in brood o was diluted with sperm treated at a younger 
stage than that of the primary spermatocye. Scheme 2 shows 
that all experiments fit into the interpretation that the 
peak of mutation frequency had occurred in early sperniatocytes 
or late spermatogonia. 
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A Scheme for determining the sensitive stage to mustard 
as by a comparison of the results of Expt. M.G.3 and Expt.M.G.4. 
Adults (M G. 4) 
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C. 	Is the increase of mutation rate during the peak perio d  
due to an increase in intergenic changes only?  
Experiment M.G.6 
This experiment was planned to test the alternative 
hypotheses of Li'ining and Auerbach concerning the nature of 
the mutations during the sensitive stage, (See Introduction). 
The ratio of translocation to lethals was tested in three 
successive broods; the third brood was expected to be drawn 
from the sensitive stage. 
When this experiment was planned it had been assumed that 
the sensiti 	te to rnustard gas, ao to X-rays oecurred 
after meiosis. The fact that it was subsequently shown to 
occur earlier (Experiments M.G.l, M.G.2 9 M.G.3, and M.G.4) 9 had to 
be taken into account. When the sensitive stage occurs during 
the post-meiotic stage the germ cells will be haploid, and if 
during the sensitive stage breakage and mutation should be 
increased to the same degree, the translocation frequency in 
the sensitive stage will increase as the square power of the 
dose as measured by the frequency of sex-linked lethals. But 
when the sensitive stage occurs at, or before meiosis the 
germ cells will be diploid. Thus the expected number of 
translocations will be double the number of those which would 
occur in the haploid germ cells. But half the rearrangements 
will be inviable and this will reduce their number to the same 
level as in the post-meiotic stage. Thus, the results expected 
on the two hypotheses to be compared is the same in both cases. 
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OrK males were treated by 3xnistard gas for 5 minutes. 
On the next day they were mated to virgin females from the 010; 
bw; st stock & . Z IriEn 1n49.SY;  bw; et) in mass matings in 
the ratio of 20 males: 30 females. 	Three successive broods 
were produced from the treated wales, each for 3 days. 
The F1 females were mated individually either to their 
brothers or to males from the 010; bw;st stock, and the F 2 
cultures were examined for sex-linked lethals. The F 1 males 
were mated individually each to one virgin female either from 
010; bw; Et or bw; st stocks, and the F2 were examined for the 
occurrence of translocations (see Methods). 
The results are shown in Table 10Lnd Histogram 2. 	It 
was surprising that no translocations including the Y chromosome 
were found, although they have been found after X-rays. This 
may be due to some specific effect of mustard gas as compared 
to X-rays, but this question has not been tested further. 
Mutation rate in brood b is not significantly higher than in 
brood a. 	Therefore it was possible to pool the data from 
and b by using the weighted average and to compare these 
values with those obtained in c. 
Weighted average for letbals in brood a and b = 4.2% 
Weighted average for translocations in brood a and b = .38% 
In both broods, the ratio of lethals to translocatione was 
very similar to those in Nasrat's experiments which yielded 
similar lethal frequencies (See Table ii). Thus the points 
for these broods lie on or near Nasrat's curve, and this already 
shows that there has been a general increase in both breakage and 
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mutation during the sensitive stage. 
Table 11. 
A comparison between the frequencies of translocations 
in samples having about the same per cent of lethals 
in Experiment LG6 - and Nasrat's experiments (N). 
Expt. 	 Lethals 	 Translocations 
N 	 4.8 	 0.34 
	
4.5 	 0.38 
N 	 9.1 	 0.66 
12.4 	 2.11 
10.2 2.13 
For a more accurate decision the following calculation 
was carried out. 
(L = frequency of sex-linked lethals) 
(T = frequency of translocations) 
L,/L (a + b) = 10.2 / 4.2 = 2.4 
T02T (a + b) = 2.13 / 0.38 = 5.6 
Now 2.42 = 5.7 
Thus the data are in excellent agreement with the 
assumption of a general "dose-increase" at the sensitive stage, 
translocations increasing as the square of lethals. This had 
already been indicated by Nasrat's brood b Experiment H N II 
(Introduction). 
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In order to test whether the data of this experiment fit 
L{ining's hypothesis equally well, i.e. the hypothesis that the 
whole of the excess mutations in the sensitive stage are 
intergeriic changes, the following calculation was made. 
The results were analysed according to the cytological-
findings of Slizunska and Slizyski (1947) obtained in a sample of 
mustard gas lethals. They found that 8% of the lethals were 
due to large rearrangements (LR) and 20% to minute rearrangements 
(NB). 
In accordance with Lining's hypothesis it was assumed 
RMEW 
LR increase as the square power of the close 
measured in sex-linked lethals (Nasrat 1954). 
MB increase linearly with the dose as after X-ray. 
PM (point mutations) do not increase at all. 
Broods a & b 
100 lethala consist of 8 large rearrangements (LR) and 
20 minute ones (MB) and 72 point mutations (PM). 
100L=8LR + 20 ME +72PM 
In brood c there are 2.4 times as many lethals as in 
brood a + b. If all these are due to intergenic changes, 
one has to find a figure x, so that multiplication of NB with 
X and of LR with x2 yields 240 lethals. 
240 L = B x2 LR + 20 x MR + 72 PM (brood c) 
By trial and error it is easily established that x = 35 
gives an excellent solution. 
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Thus on this interpretation it would be expected that 
translocations in brood c are x2 = 12.3 times as frequent than 
in brood a + b. 	The observed ones were 5.6 times as frequent. 
The expected freauency of i.ranslocations in brood c should be 
4.65% - that means that in 800 chromosomes there should be 37 
translocations instead of the observed 17 ones. The 
difference is significant (X2 = 7, 1DP). 
So it can be concluded that the increase in mutation 
frequency during the sensitive stage is not due to an increase 
in the frequency of intergeriic changes only, as Lining had 
assumed, but to an overall increased intergenic efficiency of 
mustard gas. 
The frequency of translocations induced in this 
experiment was compared with what would be expected from an 
equivalent dose of X-rays. In order to find out whether the 
present results agree with the previous findings (Auerbach 
1949-50, Nasrat 1953 9  Nasrat, Kaplan and Auerbach 1954), that 
thero is a shortage of transloc'tions after mustard gas as 
compared with X-rays. 
It has been proved by Muller and his co-workers that the 
frequency of X-rays induced large rearrangements varies as the 
3/2 power of the dose. Therefore the number of the expected 
X-ray induced translocatione in an experiment giving the same 
lethal frequency as M.G-.6 could be calculated on the basis 
of data obtained by Muller, Makki and Sid (1939) and Muller 
(1940), where 67 translocations between chromosomes II and III 
were produced by a dose of 4000r among 790 cultures tested. 
1plaj 
The calculation is as follows: 4000r produced. 67 translocations 
in 790 sperms. The frequency of lethals in Experiment M.G.6 
was, broods a and b, was about 3%9 which corresponds to bOOr 
of X-rays. Applying the 3,12 power rule, one finds that 
67 	 X 	1000 = 10.6 translocations should 
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be produced by 1000r in 1000 spermatozoa. The actual number 
of tested spermatozoa in broods a and b was 1410. 	The 
expected number of translocations between chromosomes II and III 
induced by 1000r in a sample of this size will be 
1410 x 106 = 15 translocations 
1000  
The actual translocation frequency under the effect of 
mustard gas in this experiment is about .2%. This confirms 
the results of Auerbach (1949 1950), Nasrat, Kaplan and 
Auerbach (1954) and the cytological one by Slizyneka and 
Slizynski. (1947) 0 who found that large rearrangements among 
mustard gas induced lethals were about * to 1/5th as frequent 
as would be expected from a mutagenically equivalent X-ray dose. 
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Chi — aqure values 
Brood a versus brood b n 26.085 
Brood b versus brood c - 1.47 
Brood c versus brood d - 40.931 
Brood a ersa brood SPb- 1.038 
Brood a versus brood SPew 3.555 
Brood b2veraue brood Cl 6.240 
P p 
.001 Brood 81b versus brood Spo - C, • 736 N. S. 
N.S. Brood b versus brood 32b - 17.82 	, 
• oO I Brood o versus brood aft - 13.716 • oci 
N.S. Brood b1 veraue brood b2 = O.34 N.S. 
Brood c1 veraua brood 02 15.6& 	',..o1 
.02 Brood 41ver3uS brood 4, • 0.067 N.S, 
M. 
TABI4E 2 a (M.G. 2). 
Frequency ofsex—linked letlials and crossovers in 
mustard gas treated males in tour eucoesive broods of 3 days each. 
Broods a b c d 
Mated to M-5 Broth. M-5 Broth. M-'5 Broth. M-5 Broth. 
Lethals 	N1 86 332 40 53 195 194 116 134 
L 6 27 4 13 7 16 8 14 
in P2 7 8.1 10 24.5 3.7 8.25 7 10.44 
	
N 	- 	 187 	 898 	 558 
Cross— C 
overs C 	- 	 - 2 	 19 
inpi 
% - 	 0 	 .22 	3.4 
number of chromosomes tested for lethals. 
L * number of lethals 
percentage of letha3.e 
lie = number of non cross—overe 
C = number of crossovers 
percentage of crossing—over 
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TABLE 3 (La. 2). 
Details of the crossovers obtained in Expt. M.G. 2. 
Broods 	N 	 r1 r2  1• 
a 
b 	187 
C 	898 	2dpbiii 	 2 
	







N = number of noncrossoverse 
r = number and phenotypes of definite or possible 
recombinants. 
number of flies with one uncovered recessive marker. 
number of flies with two uncovered recessive markers. 
r3= number of flies with three uncovered reoesive markers. 
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ABI,E 4  
Frequency of recessive sex-linked lethals and cross-
overs in mustard gas treated male pupae (about 172 hrs.old) 
in four successive broods, each for three days. 
Brood 	a 	b 	c 	d 
LethaJ.e 
in 	N1 	650 	622 	318 	461 
P2 
L 	 25 	43 	38 	15 
3.8 6.9 11.9 3.5 
N0 3147 4088 2371 2909 
Cross- 
overs 
in Pi 	a 4 73 50 4 
•12 1.54 2.1. .13 
(For 	 C %C - See Table 2). 
Chi-square values. 
P 
Brood a versus brood b a 5.909 	e,.02 > .01 
Brood b versus brood a a 6.78 <101 ;- 0001 
Brood a versus brood d a 22.446 	>.001 
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Details of the *me-overs obtained in Ezpt. L(h3 
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36 2 JP 6N 	Record number of individual 66, 
(L04) 2.J'b-.' 
I 
in braeta number of its 3roe.y. 
I 	APb Other abbreviations as in Table 3. 
1 	b 
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T4 1 6 2 (LG.4).. 
Frequency of recessive sex—linked lethal2 and crossovers 
in mustard gas treated males in five auccesiiVe broods. 
Brood 	a 	b 	a 	d 	S 
Days 02 2-'4 46 6-9 912 
Letbals 







L 82 79 83 72 33 
% 1 9.9 8 10.9 15.4 7.1 
No  5992 4449 3354 
2876 2044 
C 5 2 10 2 3 
0$ 	,.04 	.29 	.o6 	01 
(For Ni - L - % 1 No - C - %o see Table 2). 
Chi—acivare value a - 
P 
Brood a versus brood b = 	1.926 N.e. 
Brood b versus brood o a 	4.155 <.05 	'.02 
Brood c versus brood d = 5.262 <.05 >.02 
Brood d. versus brood e = 	15.859 >.001 
65 
TABLE .7 (M.. 5)i 
?requenoy of recessive sex-.linked lethals and 
	
cross-overs in the progeny of mustard gas 	r ( 
treated wales in five successive broods. 
Broods 	a 	b 	e 	d. 	e 
Days 0-2 2-4 4-6 6-9 9-12 
Letha].s 
in 	11 	610 	607 	730 	76 	430 
L 	36 	28 	69 	79 	15 
5.9 	4.6 	9.5 	10.7 	3.7 
Cross- 
overs 	xc 	7197 
in 
P1 	C 	2 
7414 5155 4432 
1 	9 	5 
2484 
14 
.02 	.•o1 	.17 	.11 	.56 
(For N1_L_%i_N0_C 	see T able  2) 
clii - square valuez- 
P 
Brood a versus brood b 1.014 
Brood b versus brood c 11.533 >.001 
Brood 0 versus brood d 0.653 11.1. 
Brood d versus vrood e 19.218 >6001 
TABLIZ 	M.h4.) and 92pt. M.G.5J 
Details of the cross-overs obtained in Expt. M.G.4 
and LG.5. 
.U1 9 
Details of the crossovers obtained in Expt. Ii.O.4 and M.G.5 
-4 -- 	 -i.T4 
j5i c.. 
-2 	lAAATW 
8t_L - - - 
A 
b-e..  
1L'1 37 1 o4' 2. 74I' 4 o40 I L53 4 I 4 1 1 	I  4 434 4 I 	6 5 44 12. 1 46 NC- 1514 (I4)5c..h 
I I I 
46 cj 
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6W $ Record 'umber of individual 66, 
in braketa number of its progeny. 
Other abbreviations an in Table 3 
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TABi Ip (M..6). 
1requency of sex—linked recessive lethals, and 
tranalooations iii mustard gas treated males in 
three successive broods ,each for 3 days. 
$ex.-linked lethala 	 $renalqoations - 
Brood 	No 	Li 	 N 	N.T 
a 	660 	24 	3.6 	1410 	2 	0.14 
b 	1164 	52 	4.47 	1482 	9 	0.6 
o 	830 	85 	10. 4 	796 	17 	2.13 
Chi— square values: 
ex—linked lethale z 
Brood a versus brood b 	0.728 	Nos 
Brood b versus brood 0 = 25.219 	.001 
Translocations s— 
7 
Brood a versus brood b = 4,-3 <O> 02 
Brood b versus brood o = 10.721 	.001 
PART II 
Experiments with 2 - cbanroethyl inethanesuiphonate (CB1506) 
EXPERIMENT Bi 
The object of this experiment was to test for the mutation 
rate after storing the treated sperm either in the male or in 
the female. 
Ork males 1-2 days old were injected abdominally; on the 
next day they were divided into two series. One batch was 
S 	8 mated individually to 3 so 1n49 so females at intervals__. - - 
	
, ly - 
of 3idays to give e-uccessive broods (Series IM). 	Only 	\ 	'Q. 
Ct 
broods a and '-'were tested for sex-linked lethais, while broois 
b and c were discarded. 
Another batch of treated Ork males - Series SM - were 
stored on food for IFL days and mated simultaneously with brood 
... 
For storing sperm in untreated females some of the 
treated males were mated to virgin females of the genotype 
1n49 so for 3 days, after which the males were discarded 
and the females were kept on protein-free diet for another 
9 days, then they were put on food on the same day as brood 
and Series SM. 
Separate records were kept for each male in Series IM and 
. 	In Series SF the females were bred in batches of five. 
The results are shown in Table 12 and Histogram 3. It 
seems that storing in both males and females had increased the 
mutation rate, but not to the same level as in brood d. 
Frequency of sex-linked ietiaie in different broods (Din and Did) from CB506 treted 




Pie IMd 	SM 	SF 
Series 
Series Di t Spermatozoa tented in broods a (1-3 dayeo ) and j (9-12 days). 
Series SM I Spermatozoa stored in the treated males for 12 days. 
Series SF 1 Spsroatonoa stored in the untreated females for 9-I2 days. 
HISTOGRAM j 
iLJ 
Storing in the females had less effect on the mutation rate 
than storing in males. But the increase frequency in the 
latter case can be attributed - to some extent - to the 
possibility that some sperm had been used up during storing, 
and other germ cells h:d matured into spermatozoa, so that the 
sperm used after storing in Series SM as a mixture of treated 
mature sperm and younger stages. Therefore the next 
experiment was carried out in a different way by treating and 
storing the sperm in the females. 
EXPERIMENT B2 
The plan of this experiment was to compare the frequency 
of the sex-linked lethals in early and late broods, and after 
treating and storing the sperm in the inseminated females or 
in the males. 
Two series of injection were carried out; for the first 
Ork males about 2 days old were used, while the other was done 
on inseminated M-5 females (see Methods). 
The treated males were divided into two series IM and SM. 
In Series IN the males were mated individually each to 3 N-5 
virgin females on the next day and at the beginning of every 
brood. 	Five successive broods were drawn but only broods a, 
d and e, were tested for sex-linked lethals, while b and 
were discarded. 
In Series SM, the treated males were stored on food till 
the 12th day when they were mated individually each to 3 M-.5 
virgin females. 
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In Series SF, !!i-5 virgin females were collected on 
protein-free food, and then mated to Ork males on the same 
starvation food for three days. Afterwards the males were 
discarded, and the females were injected. On the day after 
treatment the inseminated females were put on food to produce 
brood SPa from the 1-3rd day, while the others were stored on 
the starvation diet till the 12th day. On the 12th day they 
were put on food to produce brood SFb simultaneously with brood 
IMd and SM 
In Series IM in brood d half the males were mated to M-5 
virgin females, while the other half were mated to attached - 
X virgin females and vic versa in brood . ThIc was An-no. in  
order to provide material for Dr. Auerbach to test for visible 
mutations. 
The results are shown in Table 13 and Histogram 4. In 
brood IMa 18 lethals occurred; all of them were found among 
the progeny of one of the 3 batches into which the treated males 
had arbitrarily been divided. This opens the possibility that 
all the lethals had come from one male which was a gonosomic 
mosaic for a. lethal. 	This was particularly suggested by the 
fact that in contrast to tother experiments with this substance 
mutation rate in brood a was rather high. If this interpretation 
is true, mutation rate in brood IMa would be 0% instead of 3.2%. 
This uncertainty makes all comparisons of mutation rate in which 
brood a is involved rather doubtful. 
In any casc it Is clear that in contrast to Experiment BI 
mutation rate in Series SF was not higher than in brood a. As 
ha 
!ryofo.o-1ioko 1oto10 (1) to dtfrront broods (d o'd ) of CBI546 
otod oIo, (') in r' 	Oo,n I , oon t"otnd 	ntn.t f,''ioo for I..O 
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in Experiment 31 9 the increase in eries Sid ma:j not be due to 
storage alone but to adrn.ixure of spermatozoa treated in a 
younger stage than mature sperm. 
In brood the mutation rate was more than double that in 
brood d. Thus the main increase in mutation frequency had 
occurred between the periods of 11-14 days and 14-18 days. It 
can be considered that brood e was drawn from treated 
spermatogonia and probably brood d also. For Auerbach (1957), 
who tested for the frequency of sex-linked visible mutations, 
found a bunch of 2 identical visible mutations in brood d, while 
in brood e a bigger bunch was found — (i bunch of 7 out of 
62 tested chromosomes, and another of 2 out of 39 tested 
chromosomes). From the size of bunches of identical visible 
mutations it appears that the germ cells represented in brood 
e were treated in an early spermatogonial stage and those in 
brood d as late spermatogonia. 
In this experiment two series of injection were carried 
out; in the first Ork n1es about 2 days old were used, while 
in the second females of the genotype y so 	jj•49s c- which 
had been inseminated by Ork males — were used. 
The treated males were divided Into two Series IM aM SMP 
in which mutation rates to autosomnal lethals were tested. 
This was done because autosonial lethals allow the detection of 
clusters by cross-testing for allelism, and this in turn help 
in determining the treated stage. The treated females — series 
SF — were tested for sex-linked lethals on both the paternal and 
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maternal X-chronosomes. 	These series are illustrated in 
Scheme 3. 
In Series IM the treated males were mated individually 
to 3 2/L2 virgin females at intervals of 3 days to give five 
successive broods. 	Brood £ (6-9 days) and e (13-20 days) 
were tested for autosomal lethals, while the others were 
discarded. 
In Series SM the treated males were stored on food at 
25C0 for 13 days. They were mated individually each to 
3 	virgin females simultaneously with brood e. 
The treated insemination females - Series SF - were 
divided into 3 Series SF1 - SF11 and 31111, In Series SK 
the treated females were put on food the day after treatment and 
left for 4 days to produce offspring. 	The others were stored 
on protein-free diet for 7 days (SF11) or 14 days (Spill) 
before being put on food for 4-5 days, and 2 females were used 
per vial. During storing the females laid only few eggs. 
The results are presented in Table 14 and Histogram 5. 
In Series SF the mutation rate on the maternal chromosome 
varied only slightly in the different series, while Autation 
rate on the paternal chromosome declined gradually from the 
first to the 3rd brood. Even during the first 3 days more 
mutations occurred on the maternal than on the paternal 
chromosomes. 
In Series IM mutation frequency increased from brood 2 to e. 
In brood e (13-20 da) the mutation rate was double that in 
brood e (6-9 days). Tijs includes the more accurately 
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A Scheme to show the different series from males and 
inseminated females treated with 0B1506 (Expt B.3). 
I 
Series IM 
Brood 	(a) 	0-3 days IMa. dFI 1-4 days 
Brood 	e 	6-9 days IMo -SFI  7-12 clays 
Bro 	12-20 days SRI SFIII 14 days 
Brood (a) : was not tested 
Series IM : Sperm utilized in successive broods - broods 
and e were only tested. 
Series SM : Sperm stored in the males for 13 days. 
Series SF Sperm treated and stored in inseminated females 
for different periods. Mutation rates were 
tested on the paternal and the maternal X chromosomes. 
SCHEU 3 
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determined period which in the previous experiment showed 
the steepest increase in mutation frequency. 
Many males had several lethals. In order to determine 
whether these were bunches of identical autosomaJ. lethals, 
'3)- 
25-cross tests were carried out in brood a, but no bunches 
were found. In brood e a bunch of 3 out of 17 tested 
chromosomes in the progeny of male No, 11, and a bunch of 
2 out of 15 tested chromosomes from male No. 5 were found. 
So the results of this experiment agree with those in the 
previous one, where bunches of visible mutations were found 
in brood e showing that this brood was drawn from treated 
spermatogonia. 
In series SM, storing the treated sperm seems to have 
had some effect, but as said before, this increase may be 
due to admixture of germ cells treated in younger stages. 
Many males were found to have more than 1 lethal. If the 
spermatozoa utilized for this series had indeed contained 
cells which had been treated as spermatogonia, bunches of 
identical lethals would be found. However, all bunches 
which were found in this series seem to have been due to 
beterozygosity of some of the treated males for a pro—existing 
lethals. 	Thus males No. 1 and No. 17 were heterozygous for a 
lethal; for the former had 12 identical lethals in 25 tested 
chromosomes, and the latter 13 identical lethals in 17 tested 
chromosomes. The only bunch which could not with certainty 
be explained by heterozygosity occurred in male No. 12 and 
consisted of 4 identical lethals in 14 tested chromosomes. 
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Probably, this male, too, was heterozygous; for bunches of 
4 have not been found even in brood e, and the rates of 
4 lethals-: 10 non-lethals deviates from the expected 1 : 1 
not more than does the 13 : 4 ratio in male No. 17. After 
the exclusion of these bunches, there remained a pronounced 
effect of storing on mutation frequencies. This analysis 
lends no support to the idea that this increase is due to 
utilization of spermatozoa which had been treated as 
spermatogonia. 
In order to avoid the uncertainty which was introduced 
through the presence of males which may be originally 
heterozygous for a lethal, a tther experimont was Carre'3 
out. 
EXPERIMENT B4 
In this experiment heterozygous males ±/9Z  were treated 
and a comparison was made between mutation rates in successive 
broods,and in sperm stored for 6 days (parallel to brood ) 
and for 12 days (parallel to brood if). 	Males which carried 
a lethal on the + chromosome would be expected to yield only 
progeny with either 9Z or a lethal on the second chromosome. 
Males tlgZ about 2 days old were injected and on the 
following day they were divided into two series IM. and SM. 
In the two series the males were mated individually each to 
3 2/L virgin females and separate records were kept for each. 
In Series IM six broods were produced, but only broods 
, do and f were tested for autosomal lethals, while the others 
were discarded. 
Series SM was divided into two series, SME and SML. 
After the treatment males were stored on protein-free diet, and 
on the 6th day males of Series SME were mated and put on food 
parallel to brood d. 	The others - SL - were kept on the 
same starvation diet till the 12th day, when they were mated 
and put on food parallel to brood f. 
The results are shown in Table 15 and Histogram 6. 
The effect of storing the treated sperm in males is very 
clear; mutation frequency increased in SME significantly 
over what it was in brood a; however it declined again in 
511. The fact that mutation rate decreased when spermatozoa 
were stored for a long time, argues against the interpretation 
that admixture of younger germ cells is responsible for the 
increase with storing. The decline in mutation rate in SNL 
may be due to selection against spermatozoa which have been 
heavily affected by the treatment. 
It was noticed that mutation rate did not increase 
significantly in 111f (is + days) over what it was in brood 
IMd (9-12 days), although Purdom (1957) found an increase 
during the same period. However the error is large because 
of the - esenoe of bunches. Also there may have been 
selection for the less affected early germ cells, for in 
contrast to Purdom's experiment fertility was good, which 
suggests that the heavily affected cells had been weeded out 
during spermatogenesis. As in all other experiments mutation 
frequencies increased in successive broods, but the steep 
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increase between the 11-14th day and 14-18th day was missed 
according to the way the broods for testing had been selected. 
Cross-testing showed that no bunches of identical lethals 
were found in the stored series. 	In the IM series, one male 
was excluded as a heterozygote, because he yielded 23 identical 
lethals in 24 tested nor--2Z chromosomes which were spread over 
all broods. It was considered that the one non-lethal progeny 
had been due to an experimental error. 
The resi4ts of experiments on male germ cells may be 
summarised as follov's: 
A, 	Treating and storing DmatozOa in males: 
When successive broods were drawn from the treated males 
the steepest increase in mutation frequency occurred at 
about the 14th day after treatment. Bunches of autosomal 
le-thals showed that spermatozoa used after this increase 
had been treated in an early spermatogonial stage. 
Storing the treated sperm in males increased the mutation 
frequency but not to the se level as it was in the 
parallel brood from males which had been sexually active 
during the whole time. It does not appear that the 
major part of this increase was due to admixture of 
germ cells treated at a younger stage, 
Mutation frequency also increased when the treated 
spermatozoa were stored in the untreated females, but not 
as much as when storing was done in males. 
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B. Treating and storing the sperm in inseminated females 
Mutation frequency increased when sperm was treated and 
stored in inseminated females, but it decreased again with 
longer storing. An incidental result was that mutation 
frequencies on the maternal chromosome were higher than on the 
paternal one, and did not change in successive broods. This 
led to experiments in which the effect of 0B1506 on female 
germ cells was studied in more detail. 
EXPERIMENT B5 
The object of this experiment was to compare the mutation 
rates induced in developing and resting oogonia. Virgin 
females about one day old were injected abdominally. Three 
series were carried out. 	In the first, 3 successive broods 
were drawn from the treated females - Series IF. In the other 
two, the treated females were stored for 10 days either on 
protein-free diet (Series SFs or on normal food - Series 
Virgin females from the 	strain were used because they 
are more easily injected. 	They were collected on protein-free 
food and kept on it until the day after treatment. from Series 
IF broods a and o only ,were tested for sex-linked lethals, while 
brood b was discarded. 
In the other two series the females were stored till the 
10th day. On the 11th day they were mated and put on food 
simultaneously with brood , for 7 days, during which the vials 
were changed once; but most of the progeny were obtained from 
the first vial. In all the series every female was mated to 
2 M-5 males. 
The results are presented in Table 16 and Histogram 7. 
Mutation rate in brood £ was slightly, but not significantly 
higher than in brood a. 
Storing did not have a marked effect on mutation rate. It 
was slightly lower in the flies which were stored on protein-
free diet than in those stored on food. Since this finding 
seemed to support the hypothesis that active metabolism 
enhances the effect of this mutagen, further tests were carried 
out. 
It had been noticed that the 	flies were weaker than the 
Ork. 	Thus Ork £iis wei. used again In th following 
experiments. 
(PERII1rENTS B. 6-7 
In these experiments Ork virgin females were collected on 
protein-free food and injected abdominally. On the day after 
the treatment, they were divided into 2 groups; half were 
stored on normal food, the other on protein-free food. Storing 
was carried out for one or two weeks (Experiment ]3.6) 9 or for 
10 days (Experiment B.?). After storing the females were 
mated each to 2 M-5 males on norma]. food. 
Experiment 6 consisted of four series. 	In Series N.I. the 
flies were stored on normal food for one week, in Series N II 
the flies were stored on normal food for two weeks. In Series 
SI the flies were stored on starvation diet for one week, and 
in Series Sfl the flies were stored on starvation diet for two 
weeks. 
frequency of sex—linked lethals from CB1506 treated virgin females , either 
in successive broods or after storing on normal food or on protein—free 
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Experiment B.7 consisted of two series, In Series NF the 
flies were stored on normal food for 10 days. In Series SP 
the flies were stored on starvation diet for 10 days. 
It was noticed that the flies stored on food laid more 
eggs during the storage than those on the starvation diet. 
The results are shown in Tables 17 and 18 and Histogram 8.& 9, 
In both experiments mutation rate was higher in the flies which 
were stored on the protein—free diet (starvation diet) than in 
the ones on normal food, although the difference was not 
significant, and on the borderline of significance in B.7. 
These unexpected results, together with the observation 
that the flies which were stored on food laid more eggs than 
the ones stored on starvation diet, led to the assumption that 
after storing on food, the tested progeny developed from eggs 
which had been treated at an earlier stage of oogenesis than in 
those obtained after storing on starvation diet, and that this 
stage was less sensitive than mature oocytes. Two experiments 
were carried out to test this possibility. 
EXPERIMENTS B.8 and B.9. 
The object of these experiments was to obtain a brood 
pattern of 'mutation frequencies in treated oocytes and oogoriia. 
Ork virgin females about 2 days old were injected, and on the 
next day they were mated each to 2 M-5 males. Four broods were 
produced by the treated females, each over a period of 3 days. 
The results of the two experiments are shown in Table 19 
and Figure 6 .  As in Experiment B.3., mutation rate remained 
fairly constant in the four broods. Thus it appears that the 
froquoncy of sex—jinxed letbals induced by CBI506 tseterl virgin fOM0,S 
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sensitivity of female germ cells does not change much during 
development. 
This leaves the effect of the medium on treated females 
unexplained. But it was thought that larvae would be a 
better material for studying the influence of the metabolic 
conditions on mutation frequency. Therefore an experiment 
was carried out where larvae were fed on medium to which CB1506 
had been added. 
EXPERIMENT B. 10 
In this experiment larvae of 24, 48 and 72 hours old 
counted from the middle period of egg—laying - were treated by 
feeding them on treated medium either for one day or till 
pu pa. tlon. 	The medium consisted of 3 gras. agar, 10 gms. sugar, 
and either 10 or 5 gras. killed brewex's yeast cooked in 100 cc 
water. Aft4r cooking the mixture was left to cool down, then 
either 0.2% or 0.1% of 0B1506 was added to 100 cc of the medium. 
It was noticed that the treatment was too toxic for the 
24 hours old larvae. 
Flies treated as 48 or 72 hours old larvae had in general 
very low fertility, but in two tests sterility WES not very 
high so that enough progeny were obtained for testing. In the 
two series 3 broods of four days each were raised. 
In the first test 48 hours old larvae had been left on 
the treated medium till pupation. This test consisted of 
two series. In Series a the medium contained 5 gme. killed 
brewexs yeast, and a concentration of 0.1% of CB1506 was used. 
In Series b 10 ens. of yeast and 0.2% of 0B1506 were used. 
The results of this test are presented in Table 20. 
In the second test larvae of 72 hours old had fed on the 
treated food for one day, and two series similar to those of 
the first test were carried out. The results are shown in 
Table 21. 
From the two Tables (20 and 21) it appears that the 
highest mutation frequency was obtained from flies fed as 
72 hours old larvae oi. iiedlum containing 10% yeast and 02% 
021506. Comparison between the two concentrations is 
unfortunately confused by the fact that the amount of yeast in 
the medium was not the same, for it seems pv1b1 that the 
composition of the medium has an effect on mutation frequency as 
has been shown for formaldehyde (Auerbach and Moser 1953). 
Mutation frequencies found in these series were the 
highest ever obtained by treatment of larvae. It is particularly 
Interesting to find such a high mutation frequency from 
female larvae, which in general do not respond well to mutagens. 
In contrast to what has been found for formaldehyde 
feeding, the brood patterns did not give a very clear picture. 
Selection against heavily treated germ cells and flies may 






VBLF 12 (BI): 
Frequency of sex—linked lethals in different 
broods (a and d) from 0B1506 treated males 
and in sperm stored either in the males (SM) 
or in untreated felLale8 (SP) 
Series IM(a) IM(d) SF SM 
Days 1 - 3 9 - 12 9-12 12 
2 ,8 0 07 55 1.49 
.1 	 •o 22 4 29 
a 25 5 12 
Chi—sQuare value:.. 
Brood a versus Brood & = 75.297 
Brood 4 versus Brood 81 	14.163 
Brood 4 Versus Brood SM 	9.314 













TABLE 13 (B2): 
Frequency of sex-linked lethals (1) in different 
broods and of 0B1506 treated males' (2) In sperm 
stored in the males for it days; 	3) in sperm 
stored in the treated inseminated females for 1-3 
days and for lt days. 
IM(a) 	II(d) 	IM(e) 	SM 	SF(a) 	SF(d) 
Series 
((6 
Days 	1 3 	11-14. 	44i'r 	d 1 3 	12- 
N 539 386 379 550 329 98 
L 18 21 50 16 3 1 
3.2 5.5 13.1 2.9 1 1 
Chi - square Value:- 
Brood a versus brood d 	= 2.378 N.S. 
Brood d versus brood e 	=13.890 ,.001 
Brood d versus brood SM = 3.731 .05 
Brood a versus brood SPa=5.107 <.05 	> 	.02 
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TLBLE 15 (RA) I s 
Frequency of autosomal lethals in suoceaive broods 
from 031506 treated males and in opera stored in males 
for ,9 days (parallel to brood 4) and for 12 days 
(parallel to brood Z). 
Series IMa IM4 SE SML 
Days 1-3 9.12 15 	/ 9 12 
N 448 364 437; 394 308 
.L 3 27 /4 14 6 
.6 7.4 1 9.6\f 3.7 1.9 
/V ,s 
Chi-square Value:- 
Brood a versus 4 = 25.704 
Brood 4 versus f 	1214 
Brood 4 versus SME = 	5.522 
Brood t versus SIAL= 17.600 












TABLE 16 (B5): 
Frequency of sex-linked letbals from 031506 treated 
virgin females in successive broods and after storing 
on norma]. food (N.F.) or on protein-free (starvation 
food) (S.F.) for 10 days. 
Series IF (a) IF (o) SF1 SF11 
Days 1-3 10-17 10 	(S.F. ) 10 (N . F. 
N 398 406 527 420 
L 16 24 24 13 
4 6 4.5 3.1 
Chi-square Value:- 
P 
1.518 N. S. 
.866 N. S. 
3,826 
1.325 N. S. 
Brood a versus brood c = 
Brood c versus 	SF1 = 
Brood c versus 	SF11 = 
Brood SF1 versus 	SF11 = 
93 
TABLE 17 (B: 
Frequency of sex—linked letimis from CB1506 treated 
virgin females stored either in normal or protein—free 
food for one or two weeks. 
(Food I) (Food II) (Stor.I) (Stor.II) 
Series 	N.I. N.U. St.I St.II 
N. 836 787 932 766 
L. II 14 21 17 
%L. 1.3 1.8 2.3 2.2 
Chi-.sauare Value:— 
P 
Series N.I. and N.II = 0.573 N.S. 
Series N.I. and S.I. = 2.179 N.S 
Series S.I. and 8.11. = 0.002 N.S. 
Series N.II and 5.11. = 0.384 LS. 
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BILE 19 (38 and 9): 
i?requency of sex-linkEd lethals in 4 successive 
broods Zrozi cB1506 trated virgin females. 
(Exp. BS and 39): 
Brood Interval 3 days 
Exp. 8 Exp • 
- N.L 
a 	275 5 1.8 394 19 4.8 
b 	328 4 1.2 422 17 4.0 
c 	384 8 2.1 456 17 3.7 
d 	404 7 1.7 643 24 3.7 
Chi-square Values - 
Ex _ P Ep. 39: 
Brood a versus b 	= 0.364 N.3 Brood a versus b = 
Brood b and c = 0.796 N. U . Brood b versus o = 




on the border line 
TABLE 20 (B1p) 
Frequency 01' sex-linked lethals from 
males and females treated on 0B1506 









Yeast CB1506 Sex each N. .&L* Rues Flies 
5% 0.1% wale a 67 5 7.6 40 25 
b 493 48 9.7 39 6 
o 540 49 9 39 7 
£ema] a 485 23 4.8 40 6 
b 333 6 1.8 40 4 
o 469 9 1.9 40 4 
10% 0.2% male a 221 9 4 56 8 
b 412 16 3.8 43 2 
o 436 11 2.5 43 4 
Peinal a 443 11 2,5 40 2 
b 699 19 2.7 40 
o 704 14 2 +40 1 
+ female no.15, which had 9 lethals out of 13 tested chromosomes 
in brood c was excluded because she had no offspring in brood a, 




4B& 21 (Big): 
Frequency of sex—linked lethals from 
males and females treated as 72 hrso 
old larvae on OB1506 for one day* 
Concof Conc.o Broods No.of No. of 
Yeast. CB150i sex 4 days L$ tested sterile 
each flies flies 
5% 001% male a 187 6 3.2 20 4 
b 228 8 365 19 2 1 day 
352 1 0.28 19 2 
female a 168 3 1.7 16 2 
b 243 4 1.6 16 1 iday 
o 314 4 1.2 16 1 
10% 0.2% male a 16 3 18.7 30 24 
b 60 27 45 29 9 
1 day 147 50 34 29 11 
female a 225 68 302 39 2 
b 194 24 12.3 25 
1 day 
194 25 12.9 25 
female a 73 10 13.7 5 - 
treated 
till b 115 15 13.9 5 - 







The first part of this work deals with the determination 
of the sensitive stage of the Drosophila testis to mustard 
gas. Mustard gas has a brood pattern which is similar to that 
of X-rays. 	In previous experiments by Auerbach (1947), when 
three day brood intervals were used, the peak of sensitivity to 
mustard gas occurred one brood later than that to X-rays. This 
difference between the two agents might be due to different 
reasons. 	It may be due to a difference in the sensitive stage. 
Alternatively, it may be due to slow rate of utilization of 
mustard gas treated sperm, slow action or delayed effect. 
Secondary causes can also be taken into consideration such as 
penetration, differential killing and selection against the 
highly affected germ cells. 
The influence of two of these factors, slow action and 
delayed mutagenic effect of mustard gas were tested by Auerbach 
(1950-1951) and Kaplan (1954) as well as in Expt. M..l. in this 
work. In all three cases no significant difference was found 
between the frequencies of sex-linked lethals in spermatozoa 
utilized immediately after treatment and in those stored for 
different periods in males or females. 
So these results argue against the asa'mption that delayed 
effect or slow action have any influence on the sensitive stage 
to mustard gas. 
The effect of storing the treated spermatozoa on 
translocations seems to differ from that on sex-linked lethals. 
For it was found that after TEN (Herskowitz 1955) and IT—mustard 
(Schalet 1955) translocation frequencies increased in. 
spermatozoa treated and stored in inseminated females while no 
increase had occurred in lethals. However, these experiments 
are not comparable with those reported here, for in the test 
with TEM and N-.mustard spermatozoa were treated and stored in the 
females, and therefore indirect effects of the treated ooplasm 
on the formation of translocatjons could not be excluded. 
The increase in translocatjon. 'frequencies 'but not in lethal 
frequencies, could be interpreted as due to latent breaks which 
had time to open up during storing instead of opening in 
different cell divisions and being lost as 	inan.t lthl. 
The effect of storing would not be expected to be so pronounced 
for lethals as for translocations, since Slizyneka and Slizynski 
found (1947) 9 that the majority of lethals were due to gene 
mutation. 
In any case, it is clear that delayed effect does not affect the 
brood pattern of sex—linked lethals after mustard gas. Therefore 
the possibility that the stages of the germ cells which respond 
to the mutagenic effects of mustard gas and X—ray differ from 
each other was-tested. 	The sensitive stage tom istard gas 
was determined more accurately than previously by a proper 
analysis of its brood pattern. 
Four experiments were carried out where cross—overs and 
sex—linked lethals were recorded simultaneously in successive 
broods. 	The results showed that the peak of mutation frequency 
had occurped in the early spermatocyte or late spermatogonial stage. 
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In spite of the great similarity of the mutagenic effects 
of mustard gas to X-rays, it is clear now that they differ in 
their sensitive stage. 	Secondary factors such as penetration, 
killing and selection against heavily affected germ cells, may 
have played a part in this difference. But they are not likely 
to be the main reasons for the different sensitivity to X-rays 
and mustard gas. 
There are, however, other reasons for inferring differences 
between the mut4genic action of X-rays and mustard gas. In 
contrast to X-rays exposing flies to mustard gas In an 
atmosphere of N2 or 02  mutation did not change in comparison 
with what it was when the treatment took place in air, (Auerbach 
and Moser 1951). When catalase activity was inhibited by 
pretreatment with azide or cyanide, a very remarkable increase 
in mutation frequency occurred after X-rays, especially during 
the period of the peak (Sobels 1955). When mustard gas was 
pretreated in a similar way there was also an increase in mutation 
frequency, but it was much less pronounced than X-rays (Sobels 
1956) and did not seem restricted to the sensitive stage. 
The sensitive stage to mustard gas may also be compared 
with that to other chemical imitagens. There is a similarity 
with that of foi'nialdehyde treated food on larvae (Auerbach and 
Moser 1953) where it was found that the early spermatocyte stage 
is the sensitive stage. 	It Is true that the sensitive stage to 
mustard gas comprises mainly to late spermatogonia, but it is 
rather difficult to distinguish between the two stages by the 
brood pattern technique. 
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When adults were treated on formaldehyde food negative 
results were obtained. But when they were injected abdominally 
with aqueous solutions of formaldehyde (Auerbach 1952 - Sobels 
1956) the peak of mutation frequency occurred In the first brood 
after which it declined till the fourth brood where It 
increased to another slight peak of mutation frequency. The 
later peak was interpreted to mean that the germ cells utilized 
in that brood had been treated in a similar stage - early 
spermatocytes - as those responding to formaldehyde food. If 
this is correct, we have here another possible similarity between 
the sensitive stages to mustard gas and formaldehyde. 
After TIN and diepoxybuthams the peak of sex-linked lethals 
occurred as after mustard gas in the third brood (Fahny and 
Fahny 1952-1953). According to the breeding technique used by 
the Fabmys this was interpreted to mean that the sensitive stage 
to these substances occurred after meiosis. However, an 
analysis with landmarks of the brood pattern for these substances 
might show that as after mustard gas the third brood represents 
meiotic stages and late premsiotic stages. On the other hand, 
in mice the sensitive stage appears to occur after meiosis in 
sperinatids (Cattanach 1959), 
Incidental observations on crossing-over were obtained in 
this work. In contrast to the findings of Sobels (1957) where 
mustard gas produced less than 0.1% of cross-overs while the 
peak of sex-linked lethals was 7.5% 0 and to Auerbach's experiment 
(unpublished) where no cross-overs were found after mustard gas 
treatment while the peak was 8.9%. Mustard gas in the present 
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experiments was fairly efficient in the production of cross-overs 
up to 2.1% of cross-overs, while the peak of mutation rate was 
11.9%. Thus these experiments showed that mustard gas is as 
able to induce cross-overs in the males as formaldehyde, 
dihydroxydimethyl peroxide and X-rays. After the first two 
agents the highest frequency of cross-over was about 0.3% while 
the peak of mutation rates were 3.9% and 1.6% respectively 
(sobels 1957). After X-rays (Auerbach 1954) the highest frequency 
of cross-overs was about 0.8% while the peak of imitation rates 
was 5.9% 
Another observation of some interest was found in the 
cross-over tests. 	After formaldehyde (obeis 157), X-ray 
(Auerbach 1954) and IT-mustard (Whittinghill 1955) spermatogonial 
cross-overs were only found. But in this work a bunch of two 
out of 105 tested chromosomes was found which appears to have 
occurred in a spermatocyte. 	Spermatogoriial crossing-over which 
was found in later broods gave rise to larger bunches such as 
7 out of 14 or 10 out of 41 tested chromosomes. These results 
show that mustard gas produces crossing-over in spermatocytes 
as well as sperinatogonia. For after X-rays this has been shown 
by Parker (1948). 
After determining the sensitive stage to mustard gas, another 
question was raised. It referred to the nature of the increase 
in the mutation frequency in the sensitive stage. 
In that respect two hypotheses were put forward for X-rays; 
Auerbach's conidred that this increase was due to a general 
increase in both intra. and inter-genie changes, while Laning 
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considered that the increase was due entirely to intergenic 
changes. If Auerbach's hypothesis is true the translocation 
frequency would be expected to increase in the sensitive stage 
as the square power of the lethal frequency, since, as discussed 
in the Introduction mustard gas produces rearrangements by a 
"br'eakage-first" mechanism. 	But if L-ining's hypothesis is 
true the increase in the translocation frequency would be 
considerably higher (see introduction, Histogram I). 
The results of Expt. LG.6. as well as those obtained in 
one experiment of Nasrat's (Nasrat, Kaplan and Auerbach 1954) 
confirmed Auerbach's hypothesis (see discussion of Expt. M.G.6.); 
for the increase in transiocation frequency from mature sperm to 
the sensitive stage was the square of the increase in lethal 
frequency. This shows that the high sensitivity is due to a 
general increase in both intra.. and inter-genic changes. 
Yhen a similar test was carried out for X.rays (Auerbach 
154) the results were inconclusive because the data were not 
large enough for the small difference to be expected in this 
case (Histogram I). Experiments on a large scale after Z.-rays 
are required to show whether Auerbach's interpretation of the 
sensitive stage applies also to X-rays. 
This point has not yet been investigated for those which 
appear to act as hit-poisons (as e.g. TEE) a similar approach 
is possible. 
In the second part of this investigation the brood pattern 
of CB1506 was analysed in more detail. This substance is of 
special interest because the Pahmys had found that it has a brood 
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pattern which differs from all other alkylating agents as well 
as radiation. 
When adult males were injected abdominally with aqueous 
solutions of CB1506 a slight increase in mutation rates was found 
in the first 3 broods, at the fourth a drop occurred, after which 
mutation reached its peak, (Pabmy and Fahay 1956 - Purdom 1957). 
This brood pattern was oonfiined in the present tests for 
sex-linked and autosomal lethals. A very striking increase in 
mutation frequency occurred at about the 14th day. These results 
agree with thee of the Pabmys and Purdom in showing that 
spermatogonia are the most sensitive stage. As judged by the 
occurrence of bunches of mutations both before and after the 
peak, sensitivity increased from 1:.te to early spermatogonia. 
However, other factors than differences between germ cells 
in sensitivity may contribute to the brood pattern of 0B1506 
or may even be wholly responsible for it. Some of these have 
been tested here. 
One of them - the time factor was tested by storing sperm 
either in males or in females. In contrast to what wan found 
after mustard gas, mutation frequency for either sex-linked 
lethals or autosomal lethals increased when the treated 
spermatozoa were stored in males over what it was in the first 
brood, but it did not reach the same level as in the parallel 
brood drawn from males which had been sexually active for the 
same length of time. Also when treated spermatozoa were stored 
in untreated females mutation frequency increased (Expt. B.1.), 
but the effect was less pronounced than after storing in males. 
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The interpretation of the increase after storing in males 
is made doubtful by the possibility that spermatozoa used after 
storing may be a mixture of sperm treated in mature and in 
younger stages. If that is true, bunches of identical autosomal 
lethals would be expected after storing especially if they are 
found in the parallel broods produced by males which were kept 
active during the same period. But in fact no bunches of 
autosomal letbals were found in the progeny of the stored treated 
males (Expt. 3.3. and B4.), while the parallel broods contained 
bunches. Thee results argue against the assumption that the 
effect of storing is due wholly to an admixture of younger germ 
cells. More evidence in the same direction was obtained in 
Expt4 B.4. 	In this experiment the treated males were stored 
either for 9 days (SIE) or 12 days (SML). Mutation rate in 
Series SE was higher than the first brood, but it had declined >( 
again. 
Thus it can be concluded that storing increases mutation 
frequencies to some extent but quantitatively this increase Is not 
significant to explain the increased mutation frequency in sperm 
treated as early germ cells. For example in Expt. B.2. 
mutation rate after storing for 13 days in males mutation 
frequency was only one fifth of that induced in the parallel 
brood (see Table 13). 	Thus these findings ruled out the 
assumption that the increase in late broods was entirely due 
to slow action or delayed effect of CB1506. 
This decline might be explained by an admixture of sperm 
treated in younger stages, if it was assumed to be due to 
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utilization of the stage which is similar to the drop which was 
found in the Fabmys experiments providing the fourth brood, for 
in this brood mutation frequency always was lower than in the 	2< 
previous ones. But this is unlikely to be so because the 
fourth brood in these experiments preceded the increase in the 
fifth where the drop in mutation frequency with prolonged 
storing followed a remarkable increase with shorter storing. 
Thus it is more likely that the drop with long storing is due to 
selection against the heavily affected germ cells. 
An apparent selection against the more heavily affected 
spermatozoa was also observed In Expt. B.3. where mutation 
frequency declined when spermatozoa hIch had been treated in 
inseminated females were stored 	14 days. Alternatively, 
this might be interpreted to mean that sperm was treated only 
during its passage through the oviduct before fertilization 
where the concentration of CB1506 of 14 days has become too low 
for a strong effect. 
There is also the possibility that C131506 may act only at 
gene replication, so that in this experiment mutations on the 
paternal chromosome had occurred only after fertilization tnder 
the influence of the mutagen in the ovum;in the later laid eggs 
the concentration of the chemical would be expected to have 
dropped. 
If this was true that CB1506 acts mainly during replication 
most mutation would arise first as mosaics. In this case, most 
lethals produced In post-.mciotic gem cells would be mosaics 
and this cannot easily be tested, 
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A small scale experiment was done to test this point with 
visible mutations. Progenies of treated wild type males and 
y w en fernles, produced during the first 4 days were scored for 
complete and mosaic visible mutations to y and en. The results 
were inconclusive for no mutations at the specific loci were 
found and there were not even clear cases of complete or 
mosaic Minutes; only 2 doubtful complete and 4 fractional visible 
mutations to bristle abnormalities were found among 3,250 
flies. 
In contrast to the effect of storing on male germ cells, 
storing did not change mutation rate in treated female gerri cells. 
For when inseminated females were treated, mutation rate on the 
maternal chromosomes was the same in ova used after 12 to 14 days. 
The effect of diet during the storing period was slight; on the 
whole, a low-protein diet seemed to favour the occurrence of 
mutation. 
Since females kept on protein-.rich food laid considerable 
numbers of unfertilized eggs during storing, this result e-ernèd 
to suggest that young oogonia are less sensitive to 0B1506 than 
oocytes. However, when 4 successive broods were obtained from 
treated females mutation rate did not change throughout 12 days. 
This is in contrast to what was found for X-rays, where 
mutation rate dropped sharply after the 6th day (Muller, Valencia 
and Valencia 1949s Gall 1950 and others). This drop was 
interpreted to be due to the high resistance of the oogonlal 
cells which were utilized during tbis period. Thus it seems 
that oocytes and oogonia are similar in their response to the 
RM 
niutagenic effect of 0B1506, although in the 000ytes gene 
replication presumably had occurred before treatment while 
oogonia still had to undergo cell division before utilization, 
Female germ cells seemed to respond better to CB1506 than to X-rays, 
(Glass 1955), mustard gas (Auerbach unpublished) and to 
formaldehyde to which they do not respond at all (Auerbach 1952 - 
Sobels 1956). 
From the results obtained on both male and female germ cells 
the following points can be concluded. In agreement with the 
Fabmys and Purdom, the spermatogonial stage was found to be the 
most sensitive one to the mutagenic effect of CB1506. The 
occurrence of bunches of mutations showed that mutation rate 
increased from late to early spermatogonia. 
Storing in males enhanced mutation rate over what was found 
in mature sperm utilized immediately, but not to the same level 
as found in the spermatogoniai stage. The possibility that the 
whole of this increase may be due to admixture of young treated 
germ cells was ruled out by the fact that mutation frequency 
fell off on prolonged storing and by the absence of bunches in 
stored spermatozoa. However, although storing enhances 
mutation rate, it cannot be entirely responsible for the high 
mutation frequency in late broods. 
In contrast to what has been observed for male germ cells, 
storing.had no effect on female germ cells. 	Testing for the 
brood pattern of female germ cells showed that 000ytos and 
oogonia respond similarly to the mutagenic effect of CB1506. 
The similarity of the mutagenic effect of CB1506 on both the 
109 
000ytes and oogonia ruled out the assumption that mutations 
induced by 031506 are due to error in gene replication or 
delayed effect which requires cell divisions. 
It thus appears likely that the peculiar brood pattern of 
031506 is due to its effect depending on a special rate or typo 
of metabolism. An attempt to investigate the influence of 
metabolism during storing of female germ cells gave inconclusive 
results. 
It was thought that feeding larvae on treated food may be 
a better approach to the study of metabolic influence on the 
mutagenic effect of CB1506. 
Therefore preliminary experiments were carried out to test 
whether adding CB1506 to the food on which larvae of different 
ages were reared would produce mutations. In fact, high 
mutation frequencies were obtained in both sexes. This shows 
that this method is highly effective, and it could be useful in 
determining the part which metabolic conditions play in the 
mutagenic effect of CB1506. 
A particularly interesting.point was the high susceptibility 
of the female larvae to the mutagenic effect of CB1506. This is 
In contrast to what has been found after 1—rays (Glass 1955) 
and formaldehyde (Auerbach and Moser 1953). 
Attempts to study the brood pattern after feeding larvae on 
CB1506 did not give clear results for either males or females. 





Delayed mutagenio effect of mustard gas does not play a 
role in determining the brood pattern, for the imitation 
rate to sex-linked lethals did not change in sperm stored 
in the untreated females for 3-6 days or 6-9 days. 
The sensitive stage was determined by treating pupae and 
adult males and scoring for lethals and cross-overs 
simultaneously in the progeny of the same treated males. 
It was found that the peak of sex-linked lethals occurs 
in early spermatocytes and late spermatogonia. 
The efficiency of mustard gas to induce crossing-over in 
these experiments was higher than has been reported in the 
literature. Crossing-over occurred in both spermatogonia 
and spermatocytee. 
The frequencies of translocations and lethals were 
determined simultaneously in the progeny of the same treated 
males in three successive broods. It was found that in 
the sensitive stage translocation frequencies had Increased 
as the square of the lethal frequencies. This indicates 
that the increase in the sensitive stage is due to a general 
increase in the genetic effect. 
In this experiment as in the previously reported ones, 
translocation frequencies were inferior to those induced by 




11 	Mutation rate for sex-linked and autosomal letbals in 
successive broods of treated males were found to reach 
Its peak in early spermatogonia. 
2. 	Storing the treated sperm in males or females Increased 
the frequency of lethals, but the effect was not sufficient 
to account for the high mutation frequency in late broods. 
31 	The absence of bunches of identical autosomal lethals In 
spermatozoa after storing in males and the decline in 
mutation frequencies on increasing the period of storing 
argue against the assumption that the increased mutation 
frequency in spermatozoa stored in males was due mainly to 
admixture of treated younger germ cells. 
When spermatozoa were treated and stored in inseminated 
females mutation rates declined with prolonged storing. 
Storing had no effect on the treated maternal germ cells. 
Experiments to test for the possibility that mutations 
induced by 0B1506 are mainly due to errors of gene 
replication gave inconclusive results. 
Mutation rates in treated female germ cells did not change 
in four successive broods, thus there Is no difference In 
the sensitivity of 000ytes and oogonia. This makes it 
unlikely that the production of mutations by CB1506 
requires cell division. 
Very high mutation frequencies in both sexes were obtained 
by feeding larvae on treated food. No clear brood pattern 
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for treated larvae was obtained. Obviously active 
metabolism favours the production of mutations by 0B1506. 
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